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The Physics of Roentgen Rays. 



INTROBUCTION. 

1. Aa this is written with the specific purpose of explaining 
the production and utilization of the Roentgen rays for practical 
purposes only, it is not the intention to go into the theory or 
history of the apparatus required, but rather to limit the 
descriptions to how to use the same, instead of finding out why 
it acts in this or that manner. This does not mean that no 
explanation whatever will be given of the various apparatus 
used, but, rather, that such descriptions will be limited to the 
elucidation of the most essential parte. 

So many methods and instruments have been used and recom- 
mended for Roentgen ray work that to do justice to these, even 
by a most condensed description, would only be confusing to 
the student, and would prevent him from fastening hia attention 
to the more important parte. Fortunately, during the last year 
there has been a very active weeding-out process in operation, 
with the result that the efforts toward improvement and 
progress have been crystallized more or less around the vital 
points, instead of wasting energy and expense in seeking- 
advantage in methods that, in reality, would be in a retrograde 
direction. In consequence of this elimination of non-successful 
apparatus, it will he easier for the student to get a free view 
over the field and to avoid instruments that, though made at a 
large expense and for which great claims may be made, in 
reality, are less serviceable than cheaper instruments built on ' 
more rational principles. 

. 2. Classification of Apparatus. — To facilitate the under- 
standing of the leading principles in Roentgen ray work, wo will, 

For aolict iif eopi/rtBM. ite page immalialrly foOouing Ihf lillc pagr. 
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2 THE PHYSICS OF ROENTGEN RAYS. § 13 

before proceeding to a more detailed description of apparatus, 

first give a general view of the whole modus operandi. 

The Roentgen rays, which proceed from a vacuum tube, are in 
reality the final transformation of electric enei^, derived from 
any suitable source. First, then, we require means for con- 
verting mechanical or chemical energy into electric energy or 
an opportunity for receiving such energy already at hand. 

1. Sources of Electric E}nergy. — Among these may be counted 
ordinary voltaic cells, accumulators, dynamos, and, derived 
from the latter on a larger scale, the ordinary street current as 
used for lighting purposes. Finally, the static induction- 
machine. 

This eneigy, delivered in the form of an electric current, 
except that derived from a static machine, is not in a condition 
and has not the properties requisite for the production of 
Roentgen rays. It has to be changed, or transformed, and for 
this purpose sent through what are termed tratifformera. 

2. T^ai^formerB. — Among these the induction-coil occupies 
the first place. By its means the current of low pressure is 
changed into an intermittent one of many times higher pressure. 
With the static machine no transformer is required, as the cur- 
rent derived from it is already in possession of so large a pres- 
sure that a further increase of the same is unnecessary. 

Having obtained an electric current of the requisite pressure 
and volume, it will now have to be transformed into Roentgen 
rays by means of the Roentgen ray tube. 

3. Roentgen Ray Tube. — This receives the electric current 
and transforms it into ether waves of extremely high frequency, 
much higher than ordinary hght, and of much shorter wave- 
lengths. We have then Roentgen rays. 

These, in themselves, are invisible to the human eye, and 
means must be found to change their wave-lengths into a form 
to which the eye is able to respond. Various salts are able to 
do this and when they are used as a coating on screens of suit- 
able form, we have what is termed a. fluorescent screen. 

4. Fluoroscope. — A screen placed at one end of a tapering 
box with an aperture at the other end, allowing the eyes to 
observe the screen and preventing ordinary light from reaching 
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§ 13 THE PHYSICS OF ROENTGEN RAYS. 3 

either the rear eide of the screen or the eyee, constitutes what 
is ordinarily called a fliwroKope. Large screens are also used 
separately; then the whole room must be darkened. The 
utilization of the Huoroscope in examining the conditions and 
actions of parts of the human body is caWed Jluoro»copy. When 
it is a question of recording the shadows made visible by the 
fluoroscope, we have to deal with Bhtagraphy. 

5. Skiagraphy. — This process is, in reality, simply photo- 
graphic, because the means used in recording the shadows are 
the ordinary sensitive plates used in every-day photography. 
Many of the plates used are especially made for Roentgen ray 
work, but even then the process of developing and fixing are 
identical with those of ordinary photography. The final process 
of reproducing the negative on various photographic printing 
papers comes under the head of pure photography, but will be 
included here so as to describe the Roentgen ray manipulations 
in their entirety. 

SOURCES OF ELECTKICAI. EKKBGT. 

VOLTAIC CBLIiS. 

ELECTRICAL tmiTS ANB TERMS. 

3. Pressure and Rate of Flow. — Before proceeding to 
consider the various voltaic cells, it may be well to first men- 
tion the main properties of the electric current. The amount 
of electrical enei^ of which the current may be in possession 
depends on two factors, premire and raU of flaw. The compar- 
ison of a current of electricity with a current of water may 
assist in understanding the influence of these factors on the 
character of the current. 

For instance, a high waterfall may send a relatively small 
quantity of water through a tube and supply a small turbine or 
Pelton waterwheel below with several hundred horsepowers. 
On the other hand, we may see a river with a low dam sending 
a large volume of water through several large turbines. The 
power developed in either case may be the same, but what 
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4 THE PHYSICS OF ROKNTGEN RAYS. § 13 

the latter arrangement lacks in pressure it haa to make up in 
the rate of flow. 

In the flow of the electric current, we 6nd these same differ- 
ences caused by pressure and rate of flow. For some purposes, 
as, for instance, operating a Roent^n ray tube, a .current is 
required of very high pressure, and relatively small strength, 
while for others, such as electroplating, a current of great 
strength, but of very low pressure, is more suitable. 

4. Electromotive Force. — While the term preaawe is 
largely used when referring to an electric current, it is custom- 
ary to also use the terms wMage, ietiMon, and decbvmotive force. 
The latter is usually abbreviated to E. M. F. As a \mii lor 
measuring the pressure, the voU is used, and the amount of 
pressure ascertained by the use of a voltmeter. 

5. Amperage. — In place of the term quanHty, or rate of 
flow, when'speaking of an electric current, it is common usage to 
employ the terms amperage, strength, or mten»Uy. As a unit, 
we employ the ampere, and find the amperage of any current by 
means of an ampere meter, or, as usually abbreviated, an ammder. 

6. The "Watt. — That amount of energy of which any electric 
current is in possession, depends on the product of its amperes 
and volts. The unit of electric power is the watt and is 1 volt 
X 1 ampere; 746 watte constituting 1 horsepower. For 
instance, a current may have a pressure of 10 volts and a 
strength of 5 amperes; then its power is 10 X 5 = 50 watts. 
The voltage and amperage may be varied infinitely, but as long 
as the product of the two remains constant, the power is the 
same. Thus, a current of 500 volts and .1 ampere is of the 
same power as one with .2-voIt pressure and 260 amperes 
strength. In both cases the product is 50 watts. 

7. Resistance. — A current of water flowing through a tube 
is subject to a loss of pressure by reason of the friction between 
the fluid and the walls of the tube. It may, therefore, reach 
the end of the tube ivith only a small fraction of the pressure 
that it originally posBesaed. An electric current is also subject 
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§ 13 THE PHYSICS OF ROENTGEN RAYS. 6 

to such resistance when passing through a conductor, and Tvill 
lode more or less in pressure, depending on the nature and 
dimensions of the conductor. 

8. The Ohm. — The amount of electric resistance by which a 
conductor obstructs the passage of an electric current is 
expressed in ohms, which is the unit of resistance. The more 
ohms resistance a conductor possesses, the more extra or 
surplus pressure the current must have in order to reach the 
end of the conductor with a suflicient voltage to do the work 
required of it. All conductors offer some resistance, hut when 
the same are short and of large diameter, the resistance may be 
so small as not to require consideration, while, on the other 
hand, when the conductor is long and of small diameter, as in 
an induction-coil, the loss may be very great. 

9. Iiose In Voltage. — The loss in voltage that an electric 
current suffers when overcoming resistance is usually trans- 
formed into heat, and if this heat is excessive, it may carbonize 
the insulating covering of the conductor, or it may even rise 
to such a height as to melt the conductor. 

10. PoBltiTe and Negative. — A distinction is made in 
the direction in which the current is flowing. When the current 
is flowing oul of a conductor, it is said to flow in a positive 
direction, and the end from which it issues is called the 
positive terminal, or pole. When flowing into a conductor, it is 
going in a negative direction and that end of the conductor is the 
negative terminal or pole. These distinctions hold true whether 
cells, dynamos, induction-coils, or static machines are con- 
sidered. In these sources of electric enei^y, those parts from 
which the current emerges are always called the positive termi- 
nals, binding-posts, or poles, whatever term applies to the 
apparatus in question. The other terminal, then, is negative. 

11. Anode and Cathode. — When considering apparatus 
in which an electrolytic action takes place, or when the current is 
sent through a vacuum tube, it is customary to term the positive 
pole an anode, and the negative, a cathode. 
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6 THE PHYSICS OF ROENTGEN BAYS. § 13 

12. Direct and Altematlaif. — So tar we have suppoeed 
that the electric current wag continuouely flowing in the same 
direction. Thia ia not always the caee; it may be that it 
periodically changes it« direction in the same manner ae a 
pendulum^ OBcillattng backwards and forwards, A current of 
this nature is called cdtemating, while one that does not change ' 
its direction is termed a direct current 

13. Connections. — If an electrical device ia to be con- 
nected with a source of electric energy, such as an induction- 
coil with a storage- halter}', the poiitive terminal of the source is 
connected with the negative terminal of the device in which the 
energy is to be utilized, so that the current passes from the 
source into the receptive device and then again from the latter 
into the negative terminal of the former. 



SIMPLE VOLTAIC CELL. 

14. Parts of a Voltaic Cell. — We may, in a general way, 
speak of the sources of electric energy as sources of electric pres- 
sure. Whenever an electric pressure has been produced, a 
current will flow, if it is given a frefl path, and the strength of 
the current will be governed by the resistance it (inds in its 
path or circuit. As an elementary example of such sources 
of pressure we may take the fundamental v(^taic cell. 

It consists, as illustrated in Fig. 1, essentially of a vessel A 
containing saline or acidulated water, in which are submerged 
two plates of dissimilar metals C and Z, or one metal and a 
metalloid. 

The two dissimilar metals, when spoken of separately, are 
called voltaic elenmxti; when taken collectively they are known 
as a voltaic couple. An electrolyte is a compound chemical sub- 
stance in solution, and which undergoes decomposition when 
traversed by an electric current. A voltaic battery is a number 
of simple voltaic cells properly joined together. The terminaU 
of a cell are the parts of the plates outside of the electrolyte. 

It should be remembered that the polarity of that end of the 
plate or voltaic element that is acte<l upon by the electrolyte is 



itizecy Google 



§ 13 THE PHYSICS OF ROENTGEN RAYS. 7 

always of opposite sign to its terminal. For instance, in the 
case of the zinc-and-copper couple illustrated in Fig. 1, the 
terminal of the zinc plate Z, or that 
part outside the electrolyte, would 
be spoken of aa the negative ter- 
minal, while that part of the copper 
plate C outeide the electrolyte 
would be spoken of as the positive 
terminal. When mention is made 
of the positive or negative pole of 
a cell, reference is always had to the 
exposed part of the elements, and < 
no attention is paid to the sub- 
merged parts. The symbols -|- 
and — refer to the parts of the ^°' '' 

elements not contained in the electrolyte, and are always of 
the opposite sign to the parts submei^ed in the electrolyte. 

15. Chemical Action Occurring In a Simple Cell. 
As soon as exterior connection, by means of a wire, is made 
between the two plates, the plate of zinc Z is attacked by the 
acid and a part of it dissolved into a salt of that metal 
called ixUffUe of vine. Large quantities of hydrogen gas are 
liberated around the copper and come to the surface at that 
point The chemical energy liberated by the zinc is trans- 
formed into electrical energy, with the result that a difference of 
electric pressure or potential is created between the two plates. 
This difference causes an electric current to flow from C to Z 
through the wire in a direction corresponding to that of the 
arrow. A removal of the wires will interrupt the current, but 
the pressure will still exist, ready to continue the current as 
soon as the opportunity offers itself, 

16. Ohm's, taw. — The amount of current that a cell is 
able to furnish depends on its pressure, or E. M. F., and the 
resistance of the circuit. That is to say, the current is directly 
proportional to the E. M. F. and inversely to the resistance of 
the circuit. Arranging these relations in the form of an 
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8 THE PHYSICS OF ROENTGEN RAYS. § 13 

equation, we have the fundamental Ohm's law, which is: current 

E M F E 

= n . , — -- . Usually this is abbreviated to the form: C = ™ 

Kesistance R' 

in which C atanda for current, E for E. M. F., and R for 

reeiBtance. 



S OF CELLS. 

1 7. Main Principles. — Whenever the voltage or amperage 
of an electric source, such as a voltaic cell, is insulBctent, a 
combination of several such cells may be made either for the 
purpose of increasing the voltage, or the amperage, or both. 

Let us take an example from every-day life to make such a 
combination more easily understood. Suppose we have a long 
ladder leaning against the side of a high building, and that on 
this ladder are situated about 20 men that are engaged in pass- 
ing a bucket filled with water, from hand to hand, until it 
reaches the top, where it is emptied into a pipe reaching down 
into the cellar. When this tube is full and maintained so, the 
column of water that it contains will evidently be in possession 
of a high pressure at its base, so that a motor situated in the 
cellar may be operated by it. In this instance we have 1 
bucket on which each man in succession expends a certain 
amount of power, each adding gradually to the amount of poten- 
tial energy of which it is in possession, until it reaches the top 
and has received ite maximum energy. 

Now, let the men descend and place themselves side bj' side 
in one row and let each one he provided with a bucket that he 
is required to fill from a large tank, to lift shoulder high, and 
empty into a common trough. From the latter the water flows 
toward a small waterwheel, which ia set in rotation. In this 
combination we have 20 buckets lifted to the same height and 
contributing to one stream, while in the firat instance 1 bucket la 
lifted to a height 20 times greater and only delivering a quantity 
of water corresponding to that of 1 bucket. These two arrange- 
ments are not the only ones possible, a combination of the two 
may be effected in many variations, such as 4 men high in 
5 rows or 10 men high in 2 rows, etc., in either case varying the 
final pressure and rate of flow. 
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§13 THE PHYSICS OF ROENTGEN RAYS. 9 

Having familiarized ouraelves with these preliminaries, we can 
now easily understand the effect produi'cd when voltaic cells 
or other electric sources are arranged in various combinations. 

18. Cells In Series. — Let Fig. 2 represent 4 voltaic cells 

in which a are positive and b negative terminals. It, now, the 

cells are connected by means of short wires c in the manner 

indicated, it is clear that the current Irom cell c„ say 2 

^tb/fr * Zfolts + ■ 21'OHs 4 21/01(3 - 8 Volts 



amperes, will pass in succession through each of the cells c,, 
c,, and i:,, similar to the one pail of water lifted in succession 
by 20 men. The quantity of water remained the same, but an 
increase in energy was supplied by each man. We have here 
the current remaining of the same strength, being that of the 
one cell c, ; but each cell emits the current with its own pres- 
sure, that of 2 volts, added to it. The current will, therefore, 
leave the cell c, with 4 times the pressure it had in cell c„ 
or 8 volts, but it will show no increase in strength or amperage. 
When celb are arranged in this manner, they are said to be 
arranged in smet. 

19. Cells In Parallel. — Now let the cells be arranged 
so as to correspond with the combination when all the men 



S Amperes 



Fio. 1. 

were standing side by aide in one row, each provided with 
a bucket This is shown in Fig. 3. Here all the positive 
poles a are united by the connectors c, to a common con- 
ductor d. All four cells are now sending their individual 
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il3 



currente of 2 amperes to d, where they are united into a cur- 
rent 4 times the strengUi or ampen^ of each cell, but only 
with the voltage of one cell, or 2 volts. The current returns 
to the cells through conductor e and connectors c,. When thus 
combined they are in parallel or mttUipU. 

20. Difference Between Combinations in Beiies 
and Parallel. — Arranging the cells in serin wo have the 
current increased in pressure in proportion to the number of 
cells included, but no gain in amperage. On the other hand, 
when placed in parallel, the current strength, or the amperage, 
ie increased corresponding to the number of cells combined, 
but no gain in pressure is obtained. 

21. Combination of Series and Parallel. — By com- 
bining the two arrangements, as in Fig. 4, we may obtain an 
increase in both amperage and voltage, depending on the 
number of cells included and the manner in which they are 






Zfotti 



Sfoffv 



arranged. In Fig. 4, cells c, and c, are placed in tenet and, 
likewise, c, and c„ and these two rows are combined in 
paraUeL Such combinations are called paraM series. Either 
of the series c,, c, or c,, c, multiplies the pressure by 2, pro- 
ducing 4 volte, but leaving the amperage unchanged, while the 
two rows combined send a current of twice the strength of one 
cell or 4 amperes, through conductor d. In all the figures, 
-|- and — signs indicate the polarities, and arrows, the directions 
of the currents. 

22. Ampere-Honrs. — When reference is made to ampere- 
Aours. it is to be understood as meaning the number of hours 
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§13 THE PHYSICS OF ROENTGEN RAYS. 11 

that a voltaifi or storage cell will deliver a current of a certain 
amperage, which, again, will depend on its capacity. For 
inetance, 100 ampere-houre may mean 1 ampere for 100 houre, 
2 amperes for 50 hours, 4 amperes for 25 hours, and so on. 
How much the amperage may be increased beyond this will 
depend on the construction of the cell or accumulator. Some 
may safely deliver a much heavier current, while others may 
not, and would he ruined in so doing. 

COMMERCIAL VOLTAIC CELLS. 

23. EdlBOD-Ijalaiide Cell. — If the manipulator of a 
itoentgen ray apparatus is situate<1 away from large cities, in 
a place where the electric current cannot be furnished from a 
central station, he may be obliged to fall back, on those sources 
of electrical energy that formerly were used almost exclusively, 
that is, on the voltaic cells. Some of these offer less conve- 
nience than others, but they all suffer from the same fault, that 
of being comparatively expensive in their maintenance and 
more or less troublesome. There are few among the various 
varieties of primary or voltaic cella that are suitable for the 
heavier work of supplying the necessary current for an induc- 
tion-coil. Among these may be mentioned first, as one of the 
moat efBcient, the EdUon-Lalande cell. I'his is made up of a 
plate of cupric oxid held in copper frames enclosing the edges of 
the plates. The positive element of the cell is zinc, and the 
electrolyte a solution of potassium hydrate, or caustic potash. 
Two plates of zinc are used in most forms of this cell, one on 
each side of the cupric-oxid plate. 

A cell of this type, having a capacity of 150 ampere-hours, is 
shown in Fig. 5. The cupric-oxid plate C is suspended in a 
copper frame F, F between the two zinc plates Z, Z, which are 
hung from each side of a lug on the porcelain cover of the jar. 
The sides of the copper frame of the oxid plate are carried 
through the cover supporting the plate, and form terminals B, B, 
either of which may be used as the positive terminal of the 
cell. That part of the copper franae which projects above -the 
plate C is protected from the action of the liquid by tubes of 
insulating material T, T. A binding-post B, , on the holt Ihat 
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supports the two zinc plates, serves aa the negative terminal. 
A layer of heavy 
paraffin oil is used in 
this cell to prevent 
the action of the air 
on the solution, and 
also to prevent the 
solution from creeping 
up the zinc plates. 

The 1 50-ampere- 
hour cell, shown in 
Fig. 5, will give a cur- 
rent of 3 amperes at a 
pressure of about .7 
volt for 50 hours, 
with one " chaise " of 
zinc, caustic potash, 
and oxid. They are 
very constant and are 
able to furnish a 
"■ large current Larger 

sizes will furnish the same current at the same pressure for 100 

or 150 hours, respectively. They may deliver 6 amperes, if 

necessary. 

24. The Harrison Cell. — Another cell capable of a large 
current is the Harrison cell. Its positive element is granulated 
zinc in an electrolyte of dilute sulfuric acid. The negative 
element is surrounded by a peroxid of lead. The voltage is 2.7 
and the internal resistance 1 ohm. The capacity of the No. 3 
cell is 300 ampere-hours. 

25. The Grenet Cell. — Still another cell, which may be 
used, is the bichromaie, or Grenet cell. This cell will not work 
as long before it needs recharging, but will demand this 
after a continued service of 2 hours, if it furnishes the current 
for an 8-inch coil. 

This cell may either be arranged in single units and con- 
nected in series, or it may be made into the form of a 
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plunge-battery, when all the elements are fastened to one com- 
mon har, which will simultaneously lift them out of the elec- 
trolyte when the hattery is to be put out of action. 

Fig. 6 shows the familiar type of the Grenet cell. It con- 
sists of a bottle-shaped jar with a hard-ruhber or porcelain 
cover, from which two flat carbon plates 0, C are suspended 
parallel to, and a short 
distance from, each 
other. Between them 



hangs a zinc plate Z, supported by a sliding rod R, that may 
be drawn up until the zinc ie entirely out of the liquid. This 
rod is held in any position by the thumbscrew T. On top of 
the brass rod is a binding-post B,, the other terminal of the 
cell being the binding-post B, which is connected to the twc 
carbon plates C, C. The electrolyte is composed of 3 parts of 
potassium bichromate dissolved in 18 parts of water to which 
is added 4 parts of sulfuric acid. The E. M. F. of the cell is 
1.92 to 2 volts. 

26. The Gravity Cell. — Another form of cell that is quite 
useful, is the so-called gravity, or crowfoot, cell, illustrated in 
Fig. 7. The zinc Z, from the shape of which the cell has 
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received its name, hangs from the edge of the glass jar; the 
copper C is connected to the ext«mal circuit by the wire W, 
which is covered with an insulating material on those parts 
submei^d in the liquid. When the cell is set up, the copper 
plate is surrounded with crystals of cujiric sulfate until it is 
completely covered. The zinc weighs about 3 pounds, and 2 
pounds of cupric-sulfate crystals are required to charge the cell. 
TheE. M. F. is about 1,07 volts. The maintenance of this cell 
is simple. 

27. Bunsen Cells. — Bunsen cells have also been used tor 
operating coils, but they are rather objectionable on account of 
their odor. 

Voltaic cells are at present rarely used for heavy work, hut 
rather more for charging accumulator, or storage- batteries. They 
can then do their work more slowly, without being strained to 
their utmost capacity, and at a higher efficiency. 

ACClTMUIiATORS, OR STORAGE- BATTERIES. 

CLASSES. 

28. Clflterenc^e Bet'ween Primary Cells and Accu- 
mulators. — There is this difference between a primary and 
a storage, also called a secondary, battery, that while the first is 
able to furnish an electric current primarily as a result of 
chemical action taking place in the battery, the storage- battery, 
on the other hand, must first have a chemical action produced 
in it by means of an outside electric current. After this action has 
been completed, the source of electrical supply is disconnected. 
The battery is now seeking to return to its original chemical 
condition, and will, in doing so, return the greater part of the 
current that was sent into it and caused said chemical decompo- 
sition. We see, then, that it is not electrical but chemical 
energy that is stored in the battery, and that it is this energy 
that is changed into electrical energy. 

An advantage of the storage- battery over the primary battery 
is that in the former the rate of this transformation can be 
varied within wide limits and heavy currents furnished for 
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short lengths of time that would be far beyond the capacity of a 
primary battery of the same size. 

Whenever it is possible to have storage- batteries conveniently 
charged, they are to be preferred to primary batteries for the 
purpose of operating an induction-coil. 

In case an incandescent-lamp circuit is not available for 
charging storage-batteries, then a compromise muet be made 
and soxne style of primary battery used for the purpose. 



29. Clilorld Aecmnulator. — There are various classes of 
accumulators in the market of more or less efiBciency, but, for 
Roentgen ray work, the chlorid 
accumulator has so far been 
used almost exclusively and 
has given very good satisEac- 
tioti. It baa the advantage 
over the older forms of the 
Plants and Faur^ class that it 
will stand harder usage and 
give a heavier discharge with- 
out any liability to distortion 
or buckling. With ordinary ' 
care they will last for years. 

The plates of this type of 
storage-cells are made as fol- 
lows: A mixture of sine 
chlorid and lead chlorid is ^ 
melted and run into molds 
that form it into cylindrical - 
pellets, or pastils. The pellets 
are placed in a second mold, 
and an alloy of lead and 
antimony is melted and forced 
between the pellets under 
heavy pressure. When this 
cools it forms & plate, bindiog together all the pellets of 
zinc and lead chlorid. After being given some supplementary 
treatment, the requisite number of plates are set up together 
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to form a cell, positive and n^ative alternating, and con- 
nect€d to common conductors as shown in Fig. 8, where the 
plates marked N are negative and those marked P are posi- 
tive. The numher of negative plates is always one more than 
the number of positive plates, so that each side of each positive 
plate has presented to it the surface of a negative. From a 
comer of each plate a lug projects; the lugs on the nagative 
plates are joined to a connecting strip, as represented at T, and 
the lugs on the positive plates are similarly joined to a connect- 
ing strip 7". These connecting strips are extended heyond the 
limits of the cell, and serve to connect the various cells of the 
battery together, as shown at C, the connection being made by 
a brass bolt, which firmly clamps the connecting strips together. 

The plates are placed in the jar J, and they rest on a support 
made from two strips of wood (usually boiled in parafBn) of 
triangular section S, S. These support the plates at such a 
height that any loosened particles of active material fall below 
the level of the bottom of the plates, thus preventing possible 
short-circuiting. When in position, the electrolyte is poured 
in until it reaches the line L L, thus covering the plates. The 
plates are usually kept separate by blocks of insulating material. 

These accumulators are classified under various types and the 
selection of the proper type depends on the work they will have 
to perform. 

The following data regarding the type D^ may be of interest. 
The normal charging rate of the same is 5 amperes; when dis- 
charging, it may do so in: 

8 hours at the rate of 5 amperes ^ 40 ampere-hours. 
5 hours at the rate of 7 amperes = 35 ampere-hours. 
3 hours at the rate of 10 amperes := 30 ampere-hours. 

Of course, it may be discharged at any desirable rate below 
5 amperes, when its ampere-hours will be correspondingly 
increased. It is seen that by increasing the rate of dischai^e 
its total capacity is decreased. The charging current of these 
cells is about 1 ampere for each 12 square inches. 

30. diar^ing Arcumiilators. — When an accumulator 
is connected with a source of electric energy, such as a voltaic 
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battery, for the purpose of being charged, its pcmtive terminal 
should be connected to the positive terminal of the battery. In 
chai^Qg 5 cells of this class by means of primary cells, 15 such 
as the Harrison type may be required, arranging them in 
groups of 3 in parallel and 5 of these groups in series. They 
would then be able to send a current of 4 amperes through same. 
It is supposed that the capacity of the latter is 40 ampere-hours. 
By adding 10 per cent, to this, making a total of 44 ampere- 
hours, we will find the time required for chai^ng to be 
^=11 hours. The capacity of these primary cells being 
300 ampere-hours, they would be able to maintain a charging 
at this rate for about 225 hours. 

As a further example of charging accumulators, let us suppose 
that the latter consists of 8 cells with a maximum voltage 
of 2.5 volts per cell. Total voltage will then be: 2.5 X 8 
= 20 volts. It the cells be discharged down to 1.8 volts 
per cell, below which point the discbarge should not continue, 
then the minimum voltage would be 1.8 X 8 = 14,4 volte. 

31. Counter Electromotive Force. — The E, M. F. of the 
accumulator when acting in opposition to that of the charging 
current is called a counter E. M. F. In this instance, the 
counter E. M, F. i^ 14.4 volte at banning of charge, increasing 
to 20 when the chaise is completed. The internal resistance of 
these cells being low, the charging cells should also be so and 
with a high E. M. F. 

32. Examples of Charg^nir. — For charging purposes we 
may also select those of the gravity class, of which many good 
varieties are in the market, or bichromate cells. Utilizing the 
latter, in which each cell has an E. M. F. of 1.5 volts and 
.O&ohm resistance, and taking 14 cells, the total E. M. F. 
would be 14 X 1.6 =" 21 volte, with an internal resistance of 
14 X .06 = .84 ohm. Letting the total resistance of the pri- 
mary and storage cells amount to 1 ohm, we would, if all the 
cells were placed in series, have a current at starting, as follows: 
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When the work of charging is nearly completed the current 
will he 

- 21 - 20 

(7= — z — - = 1 ampere. 

Estimating the average charging current to be 3.5 amperes 
and the ampere-hours at 180, and adding 10 per cent to the 



By increasing the number of cells to 25, their total voltage 
would he 25 X 1-5 = 37.5, and the average current-strength 
12.25 amperes. The charging would now be complete in about 
15 hours. 

33. Oassinir. — When the charging is complete, the hydro- 
gen and oxygen gases, which are developed by the current, can 
no longer be taken up and chemically combined with the plaUs. 
They will therefore escape; the so-called "gassing" takes place 
and the water aesuraes a milky appearance. Continuing the 
charging current beyond this point, that is, overchai^ng the 
cellB, does no harm to the plates, but the energy represented by 
the current is wasted. 

It is important not to increase the charging rate beyond that 
recommended by the manufacturer, otherwise the developed gas 
would not have time to unite with the positive and negative 
elements, and "gassing" would occur before the cells were 
fully charged. This would cause a waste in electric energy 
with possible injury to the cells. 

34. Dlsctiarge. — When the charging current is discon- 
tinued and the external circuit of the cell completed by rheans 
of conducting- wires through some electrical device, then a 
current will flow in the np-posite direction to that of the charging 
current, the pole that was connected to the positive pole of the 
primary battery now acting as a positive pole. If there should 
be any uncertainty as to which is the positive pole of the 
primary or storage- battery, then it can at once be determined 
by dipping the ends in water slightly acidulated, without letting 
the ends touch each other. The water will then be decomposed. 
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and the increased amount of hydrogen gaa developed at the 
negative pole will at once mark the latter as such. The 
poeitive and n^ative pole of a storage- battery should never be 
connected directly without some intervening reeistance. The 
rate of dischai^e would otherwise be so heavy as to perhaps 
permanently injure the battery. 

35. Testing: of Aconmnlators, — In case the discharge 
current from an accumulator does not show the usual strength, 
one of the cells may have had its connections broken or a "buck- 
ling" may have occurred. A 2-volt incandescent lamp pro- 
vided with conducting- wires may then in turn be connected to 
the terminals of each cell, and its condition ascertained by the 
glow of the lamp. Should no glow take place at one of the 
cells, then this one should be disconnected and the trouble 
ascertained. The total voltage of a battery may also be found 
by connecting a lamp to its main terminals possessing a voltage 
corresponding to that found by multiplying the total number of 
cells by 2. 

36. Other Methods of Chat^tn^* — We have here men- 
tioned only the one combination of placing the accumulator 
cells in series, as this is the simplest and quickest method to 
piusue. There may be conditions in which it is not possible to 
supply the high voltage required in the above example. In 
that case each cell may be charged separately or in combinations 
of 2 or 3, as the case may be. Or, it a charging current can be 
obtained of low voltage, but of high amperage, then all of 
the accumulator cells may be placed in parallel. Supposing the 
available amperage to be about 98, then it would take about the 
same time for chaining as in the example cited above, when all 
the cells were in series, that is, in about 15 hours. 

If a small dynamo is utilized for the purpose, then it is pref- 
erable to have one that is shunt-wound. This would prevent a 
reversal of its polarity by a possible slowing down in si>eed, in 
which case the current would return from the cells. 

In Germany, Gulcher's Ih^nno-batteriea have been used with 
some succesB; they are durable and practical, though unable to 
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give a high voltage nnd amperage, but they may, nevertheleeB, be 
useful for slowly charging storage-batteriee. The largest single 
battery gives a current of 8 amperes with 5 volts pressure, and 
has an internal resistance of .65 ohm. Illuminating gas 
required for heating amounts to 6 cubic feet per hour. They 
have this advantage, that after lighting the gas-burneiB they 
are at once ready for use, require no attention, and may be left 
unused for months without loss in efficiency from deterioration. 

37. Edison's Storage - Battery. — Lately, Edison has 
manufactured a storage- battery that is claimed to be far superior 
to any other existing at present. Of the advantages claimed, 
the following may be mentioned: 

1. Absence of deterioration by work. 

2. Lai^e storage capacity per unit of mass. 

3. Capacity of being rapidly charged and discharged. 

4. Capacity of withstanding careless treatment. 

5. Tnexpensiveness. 

The negative pole is attached to an element consisting of a 
finely divided compound of iron with an equal volume of graph- 
ite Bakes, and the positive to one consisting of superoxid of 
nickel; it may therefore be called a nickel-iron cell. The elec- 
trolyte is potash, preferably a 20-per-cent. solution of potassium 
hydrozid, the freezing temperature of which is 20° below 
zero, Fahrenheit. 

The initial voltage of discharge is 1.5 volte, while the mean 
voltage of full discharge is approximately 1.1 volts. The nor- 
mal charging current rate is about 8.64 amperes per square foot 
Charging and discharging rates are alike and may be 3^ or only 
I hour without any apparent detriment. 

The positive and negative plates are mechanically alike, and 
consist of a thin sheet of steel in which rectangular holes are 
stamped. Each hole or opening is filled with a pocket or shal- 
low box containing the active material; the box is perforated 
with numerous small holes to admit the electrolyte, but conceals 
entirely the contained active material from view. The cell may 
be fully discharged to the practical zero point of E. M, F, 
without detriment. 
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INCANBE9CENT-LAMP CIRCUITS. 



REGUI-ATION OF CHABOINO CTTSBENT. 

38. Incandescent Iiamps. — When connection can be 
had with an JncandeBcent-lamp circuit, then this should always 
be utilized in charging accumulators, as it is not only much 
more convenient, but also more economical. As the amperage 
of this current would be very heavy for charging purposes, 
some resistance must be inserted in the circuit to reduce the 
current to its proper strength. For this purpose, metallic wires 
of varying lengths and diameters, constituting a so-called rheo- 
stat, may be used; but, ordinarily, it is more convenient to let 
the current pass through a certain number of incandescent 
lamps and in this manner provide the necessary current- 
strength. 

A 16-candIe-power incandescent lamp will pass a current of .6 
amp«Te, and a 32-candIepower lamp, 1 ampere. By varying a 
nonxber of these lamps in parallel, any required amperage may 
be obtained for charging purposes. 

39. Connections. — Fig. 9 gives a diagrammatic view of 
how lamps and accumulators may be arranged, a and b are 
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the main wires of the lamp circuit, and the arrows indicate the 
direction of the current through the lami>H, switch, adapter, and 
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accumulatore, back through conductor I into the main circuit. 
If 16-eandlepower tamps are selected, then 10 of these will 
allow a current of 5 amperes to pass through the acctimulatora 
when the latter are arranged in series. The adapter is a plug- 
like appliance that may be inserted in a stationary socket and 
simultaneously connects the positive and negative wires of the 
accumulators to those of the main circuit. Two fuBee are 
installed on the switch to insure against an excess of current, in 
which case they will bum out and break the circuit The 
accumulator should fiist be, respectively, connected and discon- 
nected before the switch is closed or opened. To give a 
detailed description of how to manage storage-batteriee would 
be unnecessary, as the makers always supply this information. 
It should he added that, in general, there would be no necessity 
in using stora^^batteries for operating the induction-coil when 
an incandescent-lamp circuit is installed in the operating-room, 
though some operators prefer even then to use storage-batteries, 
claiming to obtain better results. Ordinarily this would only 
he necessary it the coil had to be operated some distance away, 
where nothing but storage- batteries could be utilized. 

40. Rheostat. — When using the incandescent-lamp cui^ 
rent for operating the coil, some means must be had for r^u- 
lating the current-strength similar to those used when charging 
storage- batteries. Preferably a variable resistance, made up of 
various lengths ot iron or German silver wire, is then resorted 
to. These are combined either in a box or plate, over which a 
lever may be moved from one position into another so as to 
include shorter or greater lengths ot these wires, thus interposing 
a lesser or greater resistance in the circuit. The reduction in 
pressure that the current suffers by passing through such resist- 
ances is rather wasteful when the pressure is that of the ordi- 
nary lamp circuit. All pressure not wanted in the coil is then 
wasted in the form of heat in the resistance- box. Resource is, 
therefore, often had to other means tor bringing on the reduc- 
tion in pressure without so much loss. As such, the motor- 
generator has been found very serviceable. 
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MOTOR-GENERATOR. 

41. ConBtructlon. — The motor-generator is a combina- 
tion of a motor and a dynamo in one frame with one set of 
field-magnets and two armatures. One of the latter is used as 
a motor, and sets the other armature in rotation, generating an 
E. M, F. of its own entirely independent of that in the main 
circuit and conetituting part of a separate circuit. By selecting 
the proper size of wire and coils for the latter armature, it is 
possible to have a current of any desired pressure in the latter 
circuit. Thus the pressure of 100 volts in the lamp circuit may 
be changed in the generator to 10 volts with an efficiency of 80 
to 90 per cent., consequently without the loss in heat, as in the 
rheostat. This is not the only advantage that a motor-generator 
may possess. It may also take an alternating current, which is 
not suitable for operating induction-coils, and change it into a 
direct carrent, the alternating current operating the motor- 
armature and the direct current emanating from the generator^ 
armature. 

6ENBRATOB8. 

42. Method of Operation. — In localities where no con- 
nection can be made with commercial lighting circuits, it ma)' 
be poeeible to have a small independent generator of about 
^ horsepower that may be operated by a water-motor, if a pres- 
sure of at least 10 pounds is present in the water-maina. For the 
utilization of the existing water-power, the Pelton water-wheel is 
superior to any other motor. If, for instance, a water pressure 
of about 40 pounds is available, which is usually the cose, then 
a motor of 6 inches in diameter will furnish ^ horsepower. 
This motor may be situated in the cellar and be directly con- 
nected to a small dynamo from which the current may be sent 
through the induction-coil. Or, the dynamo may be used for 
cfaaiging a number of accumulators, which will be available at any 
time for operating the coil. In case water pressure should not be 
at band, then a small gas or gasoline engine may be installed 
and ita power utilized in running a ^-horsepower dynamo. 
The current furnished by the latter may be sent directly 
through the induction-coil, or, by winding the dynamo for low 
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voltage, it may chaise 4 or 5 storage-cells and theae be used with 
the induction-coil. DynamoB and engines conetructed with 
this purpose in view are in the market and may be had 
with the necessary directions for their installation. 



STATIC MACHINES. 

»AIN PBrNCIPLES. 

43. ComparlBon With Other Sonrcea of E. 
The static machine haa the advantage over the other 
electrical energy that it contains the whole Roentgen ray appa- 
ratus, so to speak, combined in one unit. No primary or storage- 
batteries, nor transformer, induction-coil, or rheostat are required. 
All that is necessary is to set the machine in operation and a 
current of the required voltage and amperage will be delivered 
to the Roentgen ray tube. Considered from this standpoint alone, 
it is superior to all other means used for the same purpose. 
Nevertheless, these advantages, which seem to make it so 
greatly superior, are counterbalanced by certain drawbacks. 
The first of these is the price, which certainly is much higher 
than that of a coil able to "produce the same results. Then the 
room required for its installation, and at times a certain depend- 
ency on the condition of the air, whether rich in humidity or 
not, must also be considered. The increase in price would not 
be against it in cases where the static currents are used for gen- 
eral therapeutic purposes, as its field of usefulness there is very 
great, while that of the induction>coiI would be nil. On the 
other side, it has been claimed that the results obtained by the 
■tatic machine in Roentgen ray work is inferior to that produced by 
means of the induction-coil, the current- strength of the latter 
being greater, and the time required for the production of good 
skiagraphs, as a consequence, materially reduced. 

\¥eighing both sides of the question, we think it may safely 
be said, that when the intention is to have an apparatus for 
Roentgen ray work alone, an induction-coil is preferable. It the 
practitioner wishes also to use his apparatus in general electro- 
therapeutic work, then a static machine is preferable, and also in 
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localities where it is difficult to obtain the commercial lightiDg 
current or to have necessary repairs attended to. The etatic 
machine is not liable to breakdowns and may run for years 
without any more attention than that of an occasional general 
dusting and cleaning. 

44. Methods of Operation. — The machine may be oper- 
ated by hand, or, if the power is to be supplied for long periods, 
by means of a small motor, either an electric, a hot-air, a 
gasoline engine, or with the small water-motor already men- 
tioned, when the suitable water-power is at hand. 

It will be out of place here to enter into an extended 
description of the static machine. Those that wish to study 
the principles on which the same is based may find these 
fully explained in Electrostatics. It may be said to consist of a 
series of stationary and revolving glass plates, the latter carry- 
ing positive and negative charges back and forth between the 
former, increasing the potential of the chai^fes they deposit on 
them at the same time as free positive and negative chaises are 
induced on the exterior metal conductors, called prime conduc- 
.lors, whence they may be delivered lo the apparatus where 
they are to be utilized. 

An increase of the number of plates will give a corresponding 
increase in. the current-strength. Machines with glass platee 
too small in diameter or too tew in number will not besatis- 
iactory. They should at least contain 6 to 8 revolving plates 
24 to 30 inches in diameter. 

As it is of importance that the positive pole of the static 
machine be connected to the anode of the tube, one must be 
able to make a distinction between the two poles while observing 
the spark-dischaige. On bringing the sliding rods so near 
tf^tber that the spark-gap is about 1 to 2 inches, it will be 
noticed that the stream appears white near the positive and 
violet at the negative pole. Should this test not seem decisive 
enough, then one of the prime conductors may be grounded by 
connecting it to a gas-pipe or water-pipe, when the spark- 
discharge will cease if the positive pole is grounded, but will 
be undisturbed when the n^;ative pole is so connected. It 
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should be remembered that while the prime conductors of a 
static machine may retiun the same polarity for a long time, 
they are liable to change. Should such a change have occurred, 
it will at once be noticed by the peculiar glow of the tube. The 
green fluoresceuce will then appear, not in front of the anode, 
but will seem to emanate from its rear. The machine should 
be stopped at once and the tube coonections reversed. 

A static machine, to be at its best in skiagraphic work, requires 
tubes that are constructed especially for such machines; 



VARIOUS METHODS FOB OPERATING THE ROENTGEN 
RAY TUBE. 

45. There are three methods by which the charges from 
the static machine may be sent through the vacuum tube: 

1. The direct method. 

2. The OBcillating-current method. 

3. Direct method with current interrupters. 

46. The Direct Method. — When this method is used, the 
conducting-wirestrom the Roentgen ray tubeareconnected directly 
to the prime conductors of the static machine and the spark-gap 
adjusted in conformity with the vacuum of the tube. Should 
the tube not start at once, it is only necessary to bring the 
prime conductors near enough together to allow a spark to pass, 
when the tube generally will begin to glow. 

47. The Oscillating Current Method. — In this com- 
bination, shown in Fig. 10, the induced chai^^ of two Leyden 
jars are used for operating the tube. For this purpose, two 

■ Leyden jars of the smallest size are used, one for each prime 
conductor and directly connected with them. In the binding- 
posts, connecte<i with the outside coatings of the jars, the 
conductors from the tube are inserted. It must here be remem- 
hered that the outside coating of the jar connected with the 
positive prime conductor is not positive, but n^ative, and vice 
versa with the negative prime conductor. 
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Adjust the sparking-distaQce between the prime conductora 
from 3 to 6 inches, after the machine is in full action, until 
the position i» found producing maximum radiance. Unless 



the jars are very small, there is always some danger of having 
the charges from the latter puncture the tubes. 

48. Direct Method With Current Intemipters. 

This is the method that is mostly used with static machines 
and that seems to give the best results. A little instniment, 
called an Interrupter, is fastened to the insulating handle of 
each of the sliding rods, so that the little ball of the interrupter 
is in contact with tliat of the sliding rods, as seen in Fig. 11. 
The tube con ducting- wires are inserted in little eyelets with 
which each of the interrupters is provided. The machine is 
set in action and the sliding rods of the prime conductors are 
separated so that no spark will pass between them. The length 
of the gaps between the interrupters and sliding rods should be 
adjusted until the tube gives maximum radiance. 
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It is usually found that it ie Buffident to have a. spark-gap 
only at one of these interrupters. Which one of these to select 
depends on the vacuum of the tube. If the vacunm is high, 
then the spark-gap at the negative interrupter eeems to give the 



Fig. 11. 
best results; if low, either the positive or negative, or both, 
may be used. Sometimes it may not be necessary to use either 
of the intetrupters. 

TBANSFORMBBS. 

THE INDUCTION-COIL. 

49. Induction. — There are other means by which an 
E. M, F. may be produced than by the transformation of chem- 
ical into electrical energy. The most important of these is 
indjtclwn. Induction means the production of magnetization 
or electrification in a body without actual contact. We have 
seen that in order to make a current flow in a conductor it was 
necessary that the same was in actual contact with the source 
of electrical energy, for instance, a primary battery. When 
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ntilizing the phenomenon of induction, this ie no longer necea- 
Bar>"; we can then make a piece of iron magnetic by simply 
locating it in the neighborhood of a mi^net or an active electric 
conductor. And, further, it is also possible to make a current 
flow in a conductor situated near another conductor carrying 
an electric current. Why these results are produced can here be 
explained only in general outlines. Full explanations will be 
found in Magnetixm. and Electromagnelism, 

50. Inertia. — A current flowing along a conductor behaves 
as if in possession of inertia. By inertia is meant the tendency 
of a body to oppose motion while at rest, and while in motion 
to counteract a variation of same or a cessation altogether. We 
may find an analogy to this in the action of a grindstone, a fly- 
wheel, or any revolving body. To start a grindstone we must 
first overcome its inertia, its tendency to remain at rest. When 
in motion, and the intention is to stop it, its inertia will again 
assert itself, and it will tend to remain in motion; a counter- 
force must, therefore, be exerted to bring it to a standstill. 
Also, while in motion, it will oppose any variation in the speed 
of rotation. 

51 . Self-induction. — An electric current will show simi- 
lar characteristics. When a current is sent into a conductor 
there are forces active, tending to oppose the starting of the 
current. After the current is flowing, tliese same forces are 
counteracting any variation in current-strength, or its cessation. 
This reactive influence is called ndf-induclion, and is one of the 
most important phenomena in electricity. At flrst glance it 
would seem to be a decided hindrance, but further study of the 
subject will show it to be of the most vital importance. The 
result of this self-induction is that when a current begins to 
flow, it cannot at once reach its full strength. After it has 
reached such strength, it will not at once submit to any change 
in it. And, further, when the current-supply is suddenly cut 
off, there comes an extra E. M. F. into play that tends to con- 
tinue the current flow, entirely independent of the source of 
supply. This latter phase of self-induction is the only one 
used in Roentgen ray work. 
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52. Experiment Illustrating Self-Indnctlon. — Let 

US now go a step further and imagine a conducting-wire to be 
divided in two parallel wires, entirely independent of each 
other, that is, insulated from each other along their whole 
length. We may still imagine these to be one wire, with this 
difference, that we are now. Me to send a current through one- 
half while the other is idle, Fig. 12 gives a diagrammatic 
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view of the two conductors with their connectlone. The active 
conductor b is connected to two binding-posts 6, and b,. Con- 
ductor d connects the former to a key, or switch, s; the battery B 
is also connected to the latter and to the binding-post 6, by con- 
ductors e and /, respectively. Theidleconductoraisconnected 
to two other binding- posts a, and a„ and the latter is brought in 
communication with a galvanometer 6 by wires c, e. 

In order to fully understand the following experiment, let it 
again be emphasized that the wires a, b could be one wire, if it 
were possible to let one part of the wire be idle while the other 
transmits an electric current. The phenomenon of self-induc- 
tion takes plaee just as welt with one as with the two wires into 
which it is here divided. 

When the key s is closed, a current will flow through 
the conductor b in the direction of arrows x, ar, A self-induction 
will at once arise and tend to send a current in an opposite 
direction, thus weakening the closing current and delaying it 
in reaching its full strength. Simultaneously with the self- 
induction produced in 6 a similar induction will be called in 
play in conductor a in the direction of arrows y, without any 
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actual contact between the two conductors. But there is this 
vital difference between the two phenomena, that while that in b 
must act against the pressure or, E. M. F. , of a current, that in a 
baa an entirely open field and can at once send a current 
through the whole circuit a c, signifying ita presence by the 
motion of the pointer in galvanometer G toward the right. 

As soon as the current in b has reached its full strength, then 
all reactive inQuences will cease both in this conductor and its 
mate. At any moment when any increase in current-strength 
takee place, the same resQlte will follow, and at once a current 
will flow in conductor a in the same direction as arrows^. 

53. Extra Current. — The most important part of this 
experiment is the result following the opening of key a. The 
self-inductioii of the circuit b will, then, again assert itself at 
once and will now tend to maintain the flow, producing what is 
called an extra current. While the key s is in the act of being 
opened, and thus breaking the continuity of the circuit, the only 
poBsibility for the current to continue its flow is to complete its 
circuit by jumping across the air-space in key s, which it will do 
by means of a spark. Again, a self-induction has asserted itself 
in the other circuit a, and here, also, in the same direction as 
that in b, that is, in the direction of the arrows x, consequently, 
in the opposite direction to the previously induced current, which 
was indicated by the arrows y. The pointer in the galvanom- 
eter will now go to the left. 

64. Primary and Seoondarj^ Cnrrents. — To repeat: 
on closing the key e, an E. M. F, will he produced and a 
current will flow in circuit a in the opposite direction to that of 
circuit b. On opening the key s an E. M. F. will be produced 
and a current will flow in the circuit a in the same direction as 
that in circuit b. The circuit b in which the inducing, or 
primary, current flows is called the pritnary circuit, while the 
drcuit a conducting the induced, or secondary, current is called 
the ueondart) circuit. 

56. Condenser. — It is seen, then, that the circuit a is 
active only when a change takes place in circuit 6, and it will be 



itizecy Google 



82 THE PHYSICS OF ROENTGEN RAYS. § 13 

understood that the more violent these changes are, the more 
violent will be the reeulta in circuit a. To accomplish a sudden 
gtarting of a current in conductor 6 will not be possible, as the 
self-induction will always prevent it. The only means left is, 
therefore, to make the break at s as sudden as possible, and 
here some difficulties have to be overcome, that is, sparking at 
the contact points of key s. Fortunately, means have been 
found to overcome' this by the appliance c, shown in Fig, 13, 

-^ m — 




thai consists of a number of tin-foil sheets, insulated from one 
another and alternately connected with the two conductors 
g and k. The latter ate in electric connection with the lever and 
contact plate, respectively, of the key s. This combination is 
called a condenaer, and is, in reality, two separate conductors of 
very large area, insulated from each other, but capable of 
exerting a mutual inductive influence on each other. The 
effect produced by inserting this condenser in parallel with the 
key 8 is, that when the latter is opened, the extra current from 
conductor d will, by preference, pass down along wire g into the 
condenser c instead of sparking across the air-gap in key s. 
By selecting a condenser of the right capacity, it is possible to 
make the current interruption practically instantaneous and to 
produce a maximum effect of self-induction in the circuit. 

56. Principles of the Induction -Coll. — The experi- 
ment, previously described, elucidates the main principle on 
which the induction-coil is based, and it remains only to show 
the practical application of it. 

The first requirement will be to shape the wire 6, Fig. 12, into 
the form of a helix, partly because its various coils and layers 
have a stronger mutual inductive influence on one another, and 
also to economize space, as one single straight wire would show 
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very feeble inductive eSecta when tranemiUing a current of 
ordinary strength. 

In Fig. 14, the conductor b of Fig. 12 has been transformed 
into the coil P, here called a primary coil, because transmitting 
the primary or inducing current from the battery. Instead of 
the key « we have now an automatic interrupter to be described 
further on. Cia a core of soft iron usually made up of a num- 
ber of soft, thin iron wires. The core is not made solid but 



lubdivided, so as to prevent the induction from causing local 
currents to flow in the core, which would tend to heat it and 
also to cause a reaction on the current in the primary coil. 
The purpose of the core is to increase the self-induction of the 
coil. An active electric conductor shows magnetic effects in its 
immediate surroundings. These will be magnified when, as in 
this instance, numerous layers of wires surround an iron core; 
the latter will have magnetism induced in it and show very 
strong magnetic attraction. R is the condenser; it consists of 
insulated leaves a and b united, respectively, to the conductors 
a, and b, that are connected to the ends of the coil P. 

57> Action of an Inductlon-Coil. — The current from 
the battery passes through conductor L, into the post E, from 
here through the screw K to the contact D on armature H into 
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the coil P. The cure will be magnetized and attract the anna- 
ture H. The continuity of the circuit has thus been broken at 
Z), and a current can no longer pass across the air-gap between 
D and the screw K. As the coil is now cut oft from all connec- 
tion with the battery, the self-induction of the coil will begin to 
assert itself and send an extra current through the coil and 
conductor 6, into the condenser. When this current has ceased, 
the magnetism of core C will, also, cease and the armature, or 
hammer, H will return to its original position, again letting the 
contact D come in touch with screw K, The current then con- 
tinues its flow as before, and with the same results. 

The other conductor a, as shown in Fig. 12, is also made into 
a coil and usually wound around the outside of the primary 
coil. It conetitutes, then, the secondary coil of an induction- 
coil, and the current that periodically tlows through it is the 
Beamdary current. 

In Fig. 15, S represents a secondary coil wound on the out- 
side of the primary coil P; both coils are supported by a spool 
of insulating material surrounding the iron core G laid in its 
interior. A switch W connects the post E with the terminal P,, 
and the terminals P, and P, are joined to the battery B by 
means of L^ and X.,. The terminals Si and S, of the secondary 
coil are not, for the present, in electrical connection with each 
other; the secondary circuit is, therefore, open. 

58. Importance of Quick Interruptions. — From the 
fact that a current in the secondary ooil flows only when a 
change takes place in the primary coil, it follows, at once, that 
it any great activity is to be produced in the former coil, these 
variations must be as numerous and as great as possible; there- 
fore, the importance of having a suitable and well-constructed 
interrupter, or vibrator, for which reason we will further on 
explain this device in detail. 

69. Nature of Secondary Current. — The next ques- 
tion that will suggest itself is this : ' ' How can the current from 
the secondary coil be used for the lighting of a Roentgen ray 
tube, when the latter demands a direct current. " Asalready 
explained, the self-induction caused by the breaking or opening of 
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a circuit is many times larger than that resulting from the clo- 
sing or completing of a circuit, Conaeqiiently, the former will 
be able to pass a current through a resistance that the latter will 
be powerless to penetrate. We can therefore underatand that 
if we have a spark-gap of, say, 10 inches between the terminals 



of the secondary coil, the breaking current might be able to jump 
acroee it, while the closing current will be unable to do so, 
because its £. M. F. is perhaps unable to bridge a gap longer 
than 6 inches. As a result of this, sparks will only pass across 
belonging to the breaking currents, and as all these go in the 
same direction, it follows that the current will be unidirectioncd 
and intermitt^tiL 

60. DllISBrence Between H. K. F.'s In Primair and 
Secondary Colls. — Another point that may offer some diffi- 
culty in understanding is the relation between the pressures in 
the primary and secondary coils. If the coils /* and S, Fig. 15, 
were made of wire of the same diameter and length, then the 
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preBBUre and strength of the currente in both coils would prac- 
tically be the same, not considering a certain loss depending on 
the efficiency of the combination. The more windings or con- 
volutions that the secondary coil contains, the more will it be 
exposed to the effects of the inductive influences of the primary 
coil. The £. M. F. developed in the secondary coil would, up 
to a certain limit, increase in direct proportion to the increased 
number of windings that it may contain in the same space on 
the bobbin. But as the total power in watte developed in the 
secondary coil cannot be increased, it follows, as a consequence, 
that an increase in pressure can only be bought at the expense 
of a decrease in current- strength. For instance, let it be sup- 
posed that a power of 50 watts is developed in the secondary 
coil. This may be done by a current of 

10 volts and 5.0 amperes. 

100 voltB and .5 ampere. 

1,000 volts and .05 ampere. 

10,000 volts and .005 ampere. 

Thus, the pressure in the secondary may be Increased to from- 
200,000 to 300,000 volts, but with a corresponding decrease in 
amperage. It is well to bear in mind, particularly in Roentgen 
ray work, that coils having a large sparking distance cannot give 
a strong current, unless the primary is traversed by a ciirrent 
much larger than that ordinarily used for Roentgen ray coils, and 
the secondary coil is made of a correspondingly heavier wire. 

Increasing the diameter and decreasing the length of the 
wire in the secondary coil will decrease its voltage and increase 
its amperage, so that it is not only possible to increase the 
pressure of the current in the secondary coil over that in the 
primary, but also to decrease the pressure in the secondary coil 
with a corresponding increase in its current-strength. 

61> Comparisons Bet^veen Various Colls. — When 
coils are compared it is customary to simply mention their 
sparking distance, say 8, 10, 12 inches, or whatever the same 
may be. This gives no idea whatever of the real power of the 
coil, any more than when speaking of a waterfall we would 
say, it is about 50 feet high. How niwcA water really flows per 
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minute would be left to the imaginatioD, and an eetimate of its 
horsepower would be simply impossible. The same aigument 
applies to the rating of induction-coils. It is necessary to 
koow Dot only the pressure indicated by the sparking-distance, 
but also the current volume. Two coils may be made to give 
exactly the same length of sparks, but of very different nature. 
In one case, it may be thick and intensely white, in the other, 
thin and bluish. The former coil is the more powerful of the two 
and the more expensive to build. To send this increased cur- 
rent'Strength through the coil, it must be made of heavier wire, 
both in the primary and secondary coils, with an increased 
expense both in copper and labor. 

As the current in the secondary is not continuous, but inter- 
mpted, the current-strength will depend on the volume of cur- 
rent sent through the spark-gap at each interruption. Here, 
again, a deception is possible. If two coils send sparks of the 
same volume over the same air-gap, they wo.uld be identical, 
provided this were done at similar intervals. But if one does 
this at double the number of interruptions per second, then, 
e\'idently, double the current volume will cross the aii^gap. 
Some coils can be made to show a high efficiency by slowing 
down the vibrator. But as the power of the coil, or the num- 
ber of watts, depends on the product of amperesinto volte, itis 
seen how important it is to ascertain the volume of the current, 
as the number of watts consumed determines not alone the 
penetrative power of the rays, but also their rate of action; as, 
for instance, when used for making a skiagraph. It will also be 
seen that high pressure, with the resulting high penetration of 
the rays, is not the only consideration to have in view, in par- 
'ticular if it is bought at the expense of the current volume. 



raTERRUPTERS. 

62. Simple Spring Interrupter. — The action of the 
ordinary spring interrupter has already been explained. Its 
mechanical construction and the various improvements it has 
undergone since the induction-coil has been utilized for 
Roentgen ray work will now be described more fully. Fig. 16 



itizecy Google 



THE PHYSICS OF ROENTGEN RAYS. 



§13 



repreeentB the form commonly used on coils of moderate size. 
HiB the hammer, or armature, on spring F facing the platinum 
point D on the end of screw K. The latter adjusts the spark- 
ing'distance, or angular motion of the hammer. Further means 
for changing the rate of vibrations is found in the additional 
screw K, near the base, which can submit the spring to an 
additional tension. 



63. Improved Spring Interrupter. — It has been 
stated previously that it is of the utmost importance to have the 
current interrupted as quickly as possible. This the vibrator 
in Fig. 16 is not able to do;.it has the two drawbacks of devot- 
ing too much time to the act of interruption and too little to 
the period of contact. It is not enough to give a quick inter- 
ruption; the current must also be given sufficient time to 
reach its rate of maximum flow before being interrupted. 
Otherwise the full strength of the supply current is not utilized. 
Fig. 17 shows an improvement in the interrupter in which the 
attempt has been made to attain these advantages. Similar 
parb* having been lettered the same as in Fig. 16, it will be 
necessary only Jo describe the additional parts. We notice, 
then, that the spring F, Pig. 16, has been subdivided into two 
springs, F, and F,. This makes 
it possible to let the spring F, 
with the armature H ho m 
motion while the other spring 
F, with the platinum contact D 
is at rest. The hammer H pos- 
sesses a certain amount of 
inertia, consequently it is not 
■jp ^^M ^^=^^^H'j able to at once attain its maxi- 
I ^-, mum speed. In the arrangement 

j J shown in Fig. 16, it starts from 

' ' ' a position of rest to at once 

break contact with screw K; 
this interruption takes place, therefore, while it moves at a 
minimum speed. Again, as a result of the long time spent 
in interrupting, it can spare no time to leave the parts in 
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contact. In Fig. 17, the hammer H can move through a 
certUQ variable distance and attain its maximum velocity 
before a break takes place. This is effected by means of the 
bracket / and adjustable screw 0, which will not atrike the 
contact spring f, before spring 
F, has moved far enough to 
bring the screw Q in contact 
with the insulating plate g, 
when both springs move in 
unison. This is not all; when 
the springs return together 
again, the platinum contact D 
of spring F^ strikes the screw 
£" while both springs are mov- 
ing at a maximum speed. 
The latter spring is, therefore, 
brought to a sudden stop and 
remains at rest, completing 

the circuit, while spring F, is still moving to the left When 
il8 momentum has been overcome by the new attraction of the 
core C, Fig. 16, it b^ins again its travel to the right, and the 
intemiptions are repeated. 

It is claimed that this interrupter increases the efficiency of a 
coil very materially besides preventing sparking and sticking at 
the contact points. From its increased contact period, whereby 
the current gets time to reach \\» maximum strength, a reduced 
battery power is required. 

Most modem spring interrupters are based on the above con- 
struction, some small variations being made in allowing the 
hammer ita extra freedom in swinging to and fro. Usually a 
stem is inserted in the upper part of the armature H on which 
an adjustable counterweight is placed. By its means quite a 
variation in rate of interruptions may be obtained. 

64. Independent Spring Interrupter. — To let the 

interrupter be operated by the core of the induction-coil is 
sometimes inconvenient, as variations of the current-strength 
through the same also influences the rate of interruptions. 
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This, then, require a nen adjustment of the interrupter to com- 
ply with the new conditions. Usually it is desirable to let the 
rate of interruptions be constant and to adjust the current- 
strength independently of this. For these reasons it is now 
customary to let the interrupter be operated in an independent 



circuit, either in parallel with the main circuit or supplied by a 
separate cell. A combination of this nature is shown in Fig. 18. 
S is a small coil with a core C acting on the armature H that is 
supported by the main spring /*,. The screw K projects 
through an aperture in the same and strikes against the plati- 
num contact />, on spring i"',. When the armature H moves 
to the left, it reaches the spring F,, and then both move together 
in the manner and with the effect already explained. The 
supplementary coil is supplied with its current through the 
screw K, and contact D„ both insulated from the main circuit. 
The rod /.-, with counterweight L,, makes it possible to change 
the rate of vibrations. ^ 

65. l^dison'a Air-Break- Wheel Apparatus. — Insteadof 

the spring interrupter, various others, mechanically operated, are 
in use. Among these may be mentioned Edison's air- break- wheel 
apparatus, illustrated in Fig. 19. It consists, in the main, of 
two metal wheels having serrated edges against which two 
brushes rest. The wheels being set in rapid rotation by means 
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o( an electric motor, and a current being sent through the 
bruebes, an iotenuittent current will be produced suitable for 
the operation of the coil. In order to suppress any apaxking 
effects at the brushes, the latter are constantly exposed to an 



FiQ. 19. 

air-blast from two nozzles connecting with a small pressure 
blower, also operated by the motor. The apparatus may be 
connected to a 110-volt direct-current circuit, and a suitable 
rheostat provided to control the current passing through the 
coil. 

66, Merctii7 Interrupters. — As some inconvenience 
may result from the jrregular wear of the platinum contact 
points in the spring interrupters, it has been proposed to replace 
them by a cup of mercury into which a contact rod may dip 
and be set in rapid reciprocation. The rod may either be oper- 
ated by a small coil or receive its motion from the crank of a 
small electric motor. The mercury is, as a rule, covered with 
a layer of petroleum or alcohol, about 1 inch deep, or even 
water, to prevent sparking when the rod leaves the mercury. 

A recent form of interrupter that has been quite successful is 
the mercury turbine Interrupter. Its leading feature may 
rte understood if we imagine the brush in the Edison air-break- 
wheel interrupter (see Art. 65) replaced by a stream of mer- 
cury. These interrupters have a vertical shaft set in rotation 
by a little electric motor. The lower end of the shaft consists 
of a tube having two extensions, one, with a scoop-like opening 
dipping into mercury, forces a current of the latter upwards and 
through the other extension in a horizontal direction toward a 
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metal ring surrounding the tube. This ring ha* perforations 
that allow the mercury stream, in certain positions, to pass 
through without touching the metallic part. If, now, the ring 
is connected with the induction-coil and the mercury with the 
source of electric energy, it will be understood that, whenever 
the mercury strikes the solid part of the ring, a current ie sent 
through the circuit, which again is interrupted whenever the 
mercury paaees through one of the perforations. 

In another variation, the mercury spout is stationary and the 
ring revolves. None of the parte having reciprocating motions, 
it is possible to let the rate of interruption be as high as 100 
per second. The contact is made under alcohol, oil, or water. 
These interrupters are suitable for current-strengthB varying 
between wide limits, and are practically noiseless. 

A simplified form of a rotary mercury interrupter is one 
designed by Mackenzie Davidson. It consists of a small elec- 
tric motor that sets a thin spindle in rapid rotation. The end 
of the spindle is provided with a small vane that dips in mer- 
cury once during each revolution. The motor stands in an 
inclined position on top of a wooden box so as to allow the vane 
to dip into a mercury cup situated inside the box. 

67. The Wehnelt Interrupter. — Still another exten- 
sively used interrupter is that constructed by Wekndt, Germany. 
This is based on the electrolytic action of the current and is 
capable of a very high rate of interruptions, in fact, as many as 
1,000 to 100,000 per minute. The Wehndl tnferrwpter, as origin- 
ally constructed, is rarely used now, but mostly some of its 
numerous variations. 

The original Webnelt interrupter, as seen in Fig. 20, has, in 
common with the Caldwell interrupter to be described further 
on, the tendency to concentrate the action of the current on a 
very small area. Here it is a short piece of platinum wire, 
about -^ inch thick, which projects for a distance of \ inch 
beyond the end of the glass tube b, into the end of which it is 
fused. A conductor e is inserted in this tube and brought in 
electric communication with wire a by means of a column of 
mercury that is poured into the tube. This constitutes the 
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anode. A lead plate e in contact with the negative conductor d 
serves as the cathode. The beaker A is filled with an electrolyte 
conBisting of 1 part of sulfuric acid to 3 or 10 parte of water. 
When a current of 
safficient voltage, ftom 
about 20 to 110 volts, 
is sent through the 
liquid, a light of 
violet-blue color ap- 
pears around the plat- 
iDUm point and a 
periodic accumulation 
of gas, with a result- 
ing interruption of the 
current takes place. 
The strength of the 
current through the 
interrupter may be 
varied by mixing more 
or less water in the 

electrolyte. Decreasing the percentage of sulfuric acid will 
increase the resistance. Or it may be regulated by the addi- 
tion of a simple water rheostat W in the circuit, as shown in 



- ^ r ° 



Fig. 21, and partly by the length of platinum wire projecting 
beyond the end of the glass tube. The frequency of the inter- 
rupter can conveniently be regulated by inserting a variable 
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self-induction / in the circuit. This may consist of a coil ol 
about 100 turns of No. 18 wire into which is placed a cote, 
10 inches long and about 1 inch in diameter, made of thin 
iron wires. A partial withdrawal of the core will increase the 
rate of interruptions. The latter may also be influenced by 
the active length of the platinum wire, a shortening increasing 
the frequency. Sometimes the self-induction of the primary 
coil alone may be sufficient. The general arrangement, when 
using a direct current from an accumulator, may be seen from 
Fig. 21, in which B is the accumulator, S the inductiwi-coil, 
and A the Wehnelt interrupter with glass tube b and lead 
plate e. 

The Wehnelt interrupter may also be used with the com- 
mercial alternating circuit, in which case the inductive resist- 
ance-coil is omitted. The 
rate of intetruptionB is now 
fixed, depending on the 
number of alternations in 
the circuit, which usually 
amount to from 120 to 160 
per second. The current- 
strength can now be regu- 
lated only by changing the 
active length of the plat- 
inum wire, by the density 
of the electrolyte, or by a 
rheostat. 

68. The Helnze 
Break. — In some of the 

electrolytic interrupters the 

platinum wires are made 

movable in their glass tubes 

and given a reciprocating 

motion. An example of this class is the Heinze brmk shown 

in Fig. 22. Here the glass vessel is placed in a wooden box 

on top of which is a small electric motor. The latter is 

mechanically connected with two platinum wires, which it 
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alternately projects into the electrolyte. The cathodes are, as 
before, lead plates. It is claimed that this interrupter can 
stand rough usage and will give a steady light. 

69. Tbe Caldwell Interrupter. — Though the Caldwell 
instrument is usually classed among the electrolytic interrupters, 
its action is not exactly that of Wehnelt's, but it is more nearly 
based on the heating effect of the current ofi a small column of 
water of high resistance, periodically heating the same to the 
point of boiling, when 
the circuit is momen- 
tarily broken. Fig. 23 
illustrates one of these 
interrupters with some 
additions by Swinton. 
A and B are the two 

lead electrolytes pro- o 

nded with the bind- 
ing-posts E and F 
suspended from an 
ebonite cover G and 
projecting into the 
glass hefOcer D. The 
electrode A is insu- 
lated from J? by a 
glass tube C provided 
with a. small aper- 
ture g, about i inch 
in diameter, through 
which a pointed glass 

rod 0. projects. This ^'° ^ 

glass rod is inserted in a threaded metal sleeve /, and engages 
with a nut e by means of which the rod may be raised or 
lowered, and thus vary the available part of the aparture g 
and at the same time the current-strength. The electrolyte 
consists of dilute sulfuric acid, about 1 part ot acid to 10 or 
20 parts of water. Care must be had not to have the beaker 
too full, as it is the tendency of the liquid in the tube C to 
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raise above that in the beaker, ThiB difierence should Dot be 
more than enough to allow the overflow to drip from the 
Bpout d; if a small stream should flow from the spout, a ahort- 
circuit will occur between the two liquida The size of the 
electrodes is the same; it therefore makes no difference in 
which direction the current flows through the liquid. 

When the Wehnelt or Caldwell interrupter is used in 
connection with an induction-coil, then the condenser and 
spring interrupter are put out of action and the interrupter is 
placed in series with and between the coil and the battery. It 
is claimed that this interrupter greatly enlat^es the eflSciency of 
an induction-coil, giving a current of high amperage that is able 
to produce Roentgen rays of great penetration. At the same 
time, when using the Wehnelt or Caldwell interrupters, the 
Roentgen ray tube is liable to overheating, and may be 
destroyed within a few seconds if it is not constantly watched 
and the current shut off in time. 

70. Inductlon-Coll Connections. — Having considered 
in detail the functions of the induction-coil with its various 
appurtenances, it remains to consider them installed with their 
correct connections. This subject can very properly he treated 
briefly, as the variations are numerous, and the operator would 
rarely feel himself competent to personally undertake the instal- 
lation of any one of the large modem induction-coils, in 
particular it its electrical enei^ should be derived from one 
of the lighting circuits. 

For the sake of completeness, we give in Fig. 24 an example 
of a coil made by one of the leading firms. It is constructed 
for connection with a UO-volt circuit and has, for purposes of 
regulation of current- strength, a rheostat installed in its base, 
the handle of which is visible. We also notice the interrupter 
and the switch for adjusting the condenser, inserted in the base. 
On top of the coil the discharge rods are found, which may be 
moved simultaneously by turning the milled head until the 
desired spark-gap lias been found. In addition to this, there is 
also a series spark-gap that m;is as a safeguard against an alter- 
nating discharge in the main spark-gaj) by preventing the 
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closing current from bridging across the latter. There is also 
an interlocking switch, whereby it is impossible to send the 
main current through the coil before the interrupter is in opera- 
tion. This is of importance, as, when using a storage-battery, it 



would be possible to send a current of 20 amperes or more 
through the coil, which would be more than an ordinary coil 
could safely stand and might be the cause of ruining it. 

As a coil of this size is a producer of a very high E. M. F. 
in connection with a rather heavy current, it is important 
to bear in mind that it is a dangerous thing to handle 
the coil while it is in action. In particular does this refer 
to the interrupter, which should not be touched while the 
main current is on. 

It is advisable to have an ammeter in the coil circuit, as an 
indicator of the current-strength useil on different occasions and 
to guide one when similar experiments must be repeated. A 
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Toltmeter is also of advantage, and is indiBpeoBable when 
Btorage-batteriee supply the current, in order to aecertain the 
existing preseure ol the same and to prevent the discharge from 
going too far with the resulting buckling and sulfating of the 
plates. 

It should be the aim to have the switches needed for manipu- 
lation of the coil within easy reach, and a provision should 
also be made for an extra lamp, or light, that can quickly be 
turned on when needed. This would be the case when the 
work is going on in a darkened room, in order to better observe 
the action of the tube. 

When the Edison air-break-wheel or similar interrupters 
are used, it is customary to locate them in places where their 
noise will not influence the patient too much. Some manipu- 
lators have a special closet for this purpose, the door of which 
may be closed after it is in proper working condition. The 
coil may then be on a table near this closet with a rheostat on 
the wall above same. A switch on the table is within easy 
reach whenever the current is to be shut ofF, either for the pur- 
pose of changing the tube or for eCFecting some additional 
adjustment 

What was said in Art. 44 about polarity applies also here 
as regards the appearance of the spark and the tube. To 
ground the poles, for the purpose of testing polarity, is not 
practicable with coils. When connections have once been 
correctly made, they should be properly marked to prevent 
future mistakes. 

71. Transportable Roentgen Ray Apparatng. 

Whenever a patient is in a condition such that his transportar 
tion to the Roentgen ray laboratory is impossible, then it is of 
importance to have apparatus that will allow its transportation 
without too much inconvenience. If an induction-coil is used, 
the main difficulty is to find a source of electrical supply. This 
will be relatively easy if access may be had to the commercial 
lighting circuit. Mostly, however, this will not be the case, 
and then recourse must be had to storage batteries. The size 
of the latter will depend on the coil and the length of exposure. 
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If a lai^ size is necessary, it is of advantage to divide it in 
emallet units, placed in independent boxes, that later on may 
be electrically connected, thus making their transportation more 
convenient. The coil itself, with the interrupter, rheoBtat, 
fiuoroscope, plates, etc., is usually housed in a separate box, 
provided with handles and rollers. 

If a medium size Wimshurst or Toepler machine is at hand, 
then the operator is more independent, as it may be utilized 
anywhere, entirely independent of any lighting circuit or 
storage batteries. The motive power may be supplied by hand, 
as the power required is small and of short duration. 



THE TESI-A COIL. 

72. This coil was formerly considered essential for success 
in skiagraphy, but it has since gradually lost its superior posi- 
tion. This is caused, mostly, by its additional complication 
over that of the ordinary induction-coil and by the necessity 
of having the supplementary coil immersed in an oil bath. 
It is trae that the coil is able to produce currents of a 
very high E. M. F. and to require very short exposures for 
skiagraphs, but it has been found that the ordinary induction- 
coil, in its improved forms, is able to give all the E. M. F. 
and current that the Roentgen ray tube, in its present form, 
is able to stand. 

In the Teela coil, an alternating current is sent through a 
primary coil that acts inductively on a secondary coil, as in 
other induction- coils; but instead of using the secondary current 
directly for operating the Roentgen ray tube, it is sent into a con- 
denser. By this means the current is set into very rapid oscil- 
lation, about ten millions per second, and is then sent through 
the primary of a supplementary induction-coil, where it again 
induces a secondary current of a still higher potential in another 
secondary coil. Both of the latter coils have very few windings 
and are inserted in oil to insure periect insulation. 
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TIIB ROENTGEN RAY TUBE. 

NATURE OF THE ROENTOBN RATS. 

73. Their Relation to Other Ra^s. — The whole subject 
of Roentgen rays is one on which many conflicting opinione 
exist. To say positively what the Roentgen ray really is, 
whether light, an electric current, or a stream of molecules, all 
of which propositions have been held, seemed at first very diffi- 
cult. Nevertheless, the field has been made somewhat clearer 
since Roent^n made his first exhibition in 1895, when be 
expressed the idea that Roentgen rays might be longitudinal 
vibrations of the ether. This explanation of the problem baa 
been abandoned, and there is now little doubt but that the 
Roentgen rays belong to the light phenomena and occupy a 
place in the spectrum beyond the invisible vitra-vioUt light in a 
class that may be called ultra vUra-videl. They would seem to 
be, therefore, transverse ether waves. 

In Fig. 25 a diagram is given indicating the position of the 
optical, chemically active, heat rays, and electromagnetic, ether 
waves. On the extreme right we find the Roentgen rays. The 
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length of the waves are given in microns. One micron is one- 
millionth meter or .001 millimeter. The ultra-violet and the 
Roentgen rays have these properties in common, that they 
produce fluorescent and chemical effects in various substances, 
and that they are able to discharge electrically charged bodies. 
74. Typical Roentgen Ray Tube. — The apparatus com- 
monly used for the production of Roentgen rays is so universally 
known that little need be said here. Fig. 26 shows the funda- 
mental form, in which the cathode is on the left, consisting of a 
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concave circular reflector of aluniinum, and the anode on the 

right, made in the form of a smooth polished disk of platinum. 

At either end are terminate that may be connected with the 

native and positive condnctors of the induction-coil. The 

usual description of Crookee tubes and the effects obtainable 

at various degrees of 

exhaustion will be \ 

omitted, as it is more '^^ \ 

of hiatorical interest, '-^ ^.. \ 

and may be found 

elsewhere. 

75. TheTacnam 
of Boentjren Ray 
Tabes. — The main 
point aimed at in the 
production of good 
Roentgen ray tubes is 
the attainment of a 

suitable vacuum. The "" "" 

whole manipulation necessary for this result is more or less 
empirical, and the products very variable in their qualities, no 
two tubes being exactly alike. When considering that the 
pressure in the tube has been reduced to from 1 to 2 millionths 
of the atmospheric pressure, and that little variation is allowed, 
it will be understood that their production is not an easy 
matter, if uniformity is required. 

76. Radiant Uatter. — When the pressure in a tube has 
been decreased to this extent, the remaining gas is said to be in 
a "radiant state." This means that so few molecules remain 
that tbey are able to travel in space for relatively long distances 
without colliding with one another. They then constitute 
"radiant matter." 

77. Cathode Rays.— We may then presume that the 
molecules receive a negative charge from the cathode and are 
forcibly repelled from the same, attaining a velocity of about 
62,000 miles per second. They will travel in paths at right 
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angles to the surface from which they receive their n^ative 
chaises, and it is, thenefore, possible to predetermine the direc- 
tion in which they will proceed. This collection of repelled 
molecules is called cathode raya. On the direction of these rays 
the anode has no influence and may be situated anywhere in 
the tube. 

78, Transformation of Cathode Rays. — By giving the 
cathode the curved form indicated in the figure, it is possible to 
let the molecules radiate toward a common center and there 
concentrate the resulting effects. It is now assumed that the 
molecules, or atoms, when they strike the anode, are set in rapid 
vibrations. Their mechanical vibration may be transformed 
into ordinary light, but in this case it is assumed that their 
electrical charges are set in vibration, that it therefore is a 
question of electrical vibrations and that these vibrations of 
electrical charges may produce the Roentgen rays. In other 
words, it is a kind of electrical suiging and splashing effect 
that takes place. 

79. Function of the Focusing Point. — It must not be 
assumed that the Roentgen rays are reflected from this focusing 
point of the cathode rays in which the transformation takes 
place. Rather must this point be considered as a source of 
light from which the rays radiate in all directions. If the 
anode were perfectly plain and highly polished, the rays would 
radiate even in a direction nearly parallel with the surface, 
but as these conditions are not fulfilled, they will decrease 
in strength as they approach an angle of about 2° to 3° with the 
plane of the anode. 

That place on the anode where the cathode rays meet should 
be a point, but in reality it is a circle. Ita diameter should not 
exceed .04 to .08 inch if skiagraphs with clear outlines are 
desired. From observations made by Dr. Gocht, Berlin, it 
seems that this little circle is not the real source of the Roentgen 
rays, but rather a ring-like surface immediately adjoining it 

It was found that a number of tubes in which the anodes had 
been punctured by the effects of heat showed an undiminished 
production of Roentgen rays, notwithstanding the fact that a 
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large portion of the taye would seem to paaa entirely through 
the anode. 

In the tube, as originally conatrucLed, the cathode rays were 
allowed to strike the walls of the tube. If, under these cir- 
cumstances, the rays were focused to a common point, then the 
results were that the heat resulting from the atomic booibard- 
ment was enough to melt and puncture the glass. If, on the 
other hand, they were diepereed over a larger area, then the 
Roentgen rays had to pass through a larger surface of glass 
with a greater loss from absorption by the latter. 

80. An tl cathode. — In some tubes, the anode does not 
act as the focusing point of the cathode rays, but is placed 
somewhere else in the 

tube. It is then re- 
placed by a so-called 
anlicathode, which 
should he in electrical 
connection with the 
anode. Fig. 27 gives 

an example of this ■ / , i \ 

class. The terms 
anode and antica- 

thode are not always kept separate, and the term anticathode 
is often used when speaking of the anode. 

81. Modem Forms of Roentgen Ray Tubes. — The 
more modem form of the Roentgen ray tube is made in the shape 
of a large globe with tubular extensions projecting In diametric- 
ally opposite directions. The globular form serves two purposes. 
A vacuum tube must be able to withstand a large external 
pressure, about 700 pounds, and it ie found that a globe is able 
to do so with the least amount of material in its walls. It Is 
important that these are as thin as possible, less than ^ inch, 
in order not to have too much of the Roentgen light absorbed 
by the glass. Another reason for choosing the globular form 
ia the greater distance that it allows between its walls and the 
anode, therefore not exposing the former so much to the heat 
of the latter. 
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On the other band, the Roentgen rays enable the surgeon to 
correct the position of one or another fragment, and by frequent 
changes of the immobilizing dressing, repeated corrections can 
be made. The skiagraph invariably shows the relations of the 
fragments, even through a plaster-of-Paria dressing. Thus the 
surgeon always knows if his attempted reposition is correct. 

96. The median as well as the radial nerve may become 
lacerated by the splintering of the hones, This requires imme- 
diate neororbaphy. Of course, the nerve fragments cannot be 
represented by the rays, but the location and the character of 
the fracture, in conjunction with the symptoms in the sphere of 
these nerves, make the diagnosis positive and dictate the opera- 
tive steps. 

97. In children the skiagraphic anatomy of the elbow- 
joint may be falsely interpreted. It should be remembered 
that the osseous nucleus of the interior of the capitulum humeri 
appears between the second and third years. Another nucleus 
shows in the internal epicondyle at the tifth year, a third in the 
trochlea between the eleventh and twelfth years, and soon after- 
wards a fourth in the internal epicondyle. The nucleus of the 
internal epicondyle unites with the diaphysis between the six- 
teenth and the twentieth year; but the other three nuclei form a 
synosteosis among themselv^ at the seventeenth year, then con- 
structing the uniform osseous epiphysis which completes its 
synosteosis with the diaphysis at about the twentieth year. 

In very young children tbe eminentia capitata appears as if 
entirely severed from the humerus, although the relations are 
normal. The explanation of this important phenomenon is 
that the epiphysial tissues are not sufficiently oasihed to 
produce a shadow on the plate. If these points are not thor- 
oughly considered a displaced fracture fragment might be erro- 
neously diagnosticated. The lower epiphysis of the humerus 
consists of tour nuclei, which do not ossify until from theeighUi 
to the seventeenth year. The epiphysis of the trochlea m well 
as of the olecranon do not ossify until between the seventh and 
the twelfth year, which explains why an osseous nucleus is 
still connected with its neigliboring epiphysial nuclei and the 
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diaphysis, connected by cartilaginous tiesue, appears as an 
isolated piece of bone which might erroneously be taken for a 
fragment. 

It mUBt also be borne in mind that in fractures in childhood 
the process of ossification is influenced by various affections of 
the bone, like rachitis, for instance. 

98. As stated before, inflammatory processes in the elbow- 
joint are to be viewed from the same points as those of the 
knee-joint (See Plate XXXIX and Arts. 76 and 77.) 

99. Fractures of the Olecranon. — Fractures of the 
olecranon are found more frequently now than before the dis- 
ooveiy of the rays. Experience furthermore contradicts the 
wide-spread opinion that the fracture of the olecranon does not 
happen before the fifteenth year. It is observed from the tenth 
year, when the nucleus for ossification appears. In a case 
of wide diastasis of the fragments, wiring is necessary. While 
anion is taking place frequent fluoroscopic examinations should 
be made. 

100. Fractnres of the Coronold Process of the 
Ulna. — It was thought that fractures of the coronoid process 
of the ulna were of rare occurrence. But, as in many other 
instances, experience with the Roentgen rays has taught that 
this type of fracture is much more frequent than was formerly 
believed. The tact that only recently we observed this 
type in three of our patients during the short space of 4 weeks 
seems to strongly support this assumption. By realizing that the 
normal coronoid process cannot be palpated through the thick 
muscular strata that protect it, the difiiculty of making out 
the broken fragments becomes apparent. The strong lateral 
ligaments, as wellas the annular ligament, which is strengthened 
by the brachialis muscle, form bo strong a protection to the 
process that a displacement of its fractured fragment seldom 
takes place. This usual absence of displacement also explains 
why crepitus is ordinarily not produced. The presence of 
ecchymoeis, as well as of an intense circumscribed pain in the 
cubital fold produced by strong flexion, are suspicious signs. 
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The latter would indicate that the proceae ie pushed into Uie 
foEsa anterior. It should not, honever, be forgotten that this 
valuable symptom is entirely of a subjective nature. 

Thus, a positive diagnosis can but seldom be made without 
using the Roentgen rays. The diagnosis will also determine 
the prognosis. If there is but little tendency to displacement 
the prognosis is favorable even when the diagnosis has not been 
made. But if there is any marked displacement the function 
of the elbow is greatly disturbed. In such an event, of course, 
the diagnosis is so much easier the greater that the displace- 
ment is. Nowadays this much dreaded condition' need not be 
feared, since reposition of the fragments has become greatly 
simplified under the guidance of the rays. 

The after-treatment is best conducted in a rectangular dresB- 
ing of plaeter-of-Parie. In the cases referred to the fragments 
were invariably found in a displaced position bo that they 
projected into the joint, interfering with free motion. The 
projecting bone mass therefore bad to be chiseled off. 

In the case of a girl of 14year8,fractureof tbelowerendoftbe 
humerus and of the coronoid process of the ulna had occurred. 
Radial paralysis and acute muscular contraction followed to such 
ao extent that the arm became perfectly useless. Under the 
guidance of the rays the protruding coronoid fragment was 
removed and the compressed nerve relieved. Whether after an 
elapse of 6 years since the injury this deplorable condition will 
still be remedied, has not been ascertained, the patient 
still being under treatment. 

101. Fracture of the Dtaphyala of the Ulna. — Frac- 
ture of the diaphysis of the ulna is known to have a great 
tendency to displacement. If pressed gainst the radius, synoe- 
teosis may take place, thus rendering pronation and supination 
impossible. For correction, compare the principles emphasized 
in Art. 106 on the fracture of the shaft of the radius. 

102, Fissure of the capltiilum nlneo is found in con- 
nection with the fracture of the carpal epiphysis of the radius. 
(See Art. 109.) 

In siinuhaneouB fracture of the it/nn mid radiiu, malunion is 
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often observed. Plate XXXII shows defomied of radius and 
ulna in a laborer of 36 years. The fragment overlapped and 
became adherent by fibrous tissue in juxtaposition. Osteo- 
clasia being impossible, severing of the fragments had to be 
accomplished by the chisel. In the case of a man of 39 years, 
who suffered fracture of both forearms by extreme violence, 
union failed to take place after 5 months. Skiagraphy revealed 
overlapping of the four bones. Both forearms showed false 
motion and their function was destroyed. Osteoplasty was per- 
formed under the guidance of the skiagraph. 

The right forearm permitted of perfect reduction so that the 
fragments, after being refreshed, could be united by silver-wire. 
The bones of the left arm could not be pulled into proper posi- 
tion, wherefore they had to be shortened. A segment was cut 
out from one end and an acute triangle from the other in each 
bone, 80 that they could be rejoined without the use of silver- 
wire. A plaster-of- Paris dressing was then applied, through 
which skiagraphic examination showed the fragments in good 
apposition. The result was a perfect cur«. 



THE RADIUS. 

103. The radius gives the surgeon more trouble than any 
other bone o! the human skeleton. If it is only realized that 
fracture of its lower epiphysis is the most frequent fracture type 
— at least 18 per cent, of all fractures — its importance becomes 
evident at once. 

104. Fractures of the Radial Head. — Isolated fracture 
of the head of the radius was regarded as being very rare. If 
the fragment is entirely severed, it will be recognized by palpa- 
tion as a separate piece of bone. In addition it will not share 
tlie motions of the arm while alternately turned in pronation 
and supination, and in that case crepitus is seldom absent. 
Intense pain may point to the seat of the fracture, and some- 
times it may be guessed by simple inspection, the biceps draw- 
ing the shaft forwards and causing a slight projection. But 
whenever there is an entire absence of displacement, contusion, 
or distortion, this error is apt to be made, particularly so when 
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the swelling following the injury veils the symptoms, abnormal ' 
mobility especially not being noticeable. In former years it 
was only under anesthesia that such cases were once in a while 



105. Fissures nf the Radial Head. — It is evident that 
the diagnosis of the fissure of the radial head is still more diffi- 
cult. It would seem that until the discovery nf the rays its 
presence could never be cleariy ascertained, and there can be no 
doubt that with our increasing knowledge and experience this 
fissure, also, will be recognized more frequently. 

The following case will serve as an illustration. A woman, 
aged 24 years, in falling down stairs struck her right elbow against 
a piece of iron projecting from the stairway. She consulted a 
physician at once, who found the elbow much swollen and 
painful. No signs of a fracture' were then detected. 

Two days later the arm was in a right-angled flection and 
the r^on of the elbow-joint showed considerable swelling and 
tenderness equally distributed. The are^ above the radial head 
showed the presence of ecchymosis. 

A skiagraph was taken at once in supination, the patient 
lying on her back. It revealed the presence of a fissure of the 
radial head beyond any doubt. There were, in fact, two distinct 
fissure lines, one running through the circumferentia articularis 
along its margin, and the other creating a trigonal s^:ment, the 
base ot which was formed by the internal margin of the circum- 
ferentia articularis and the tip by a splinter detached from the 
radial neck. 

The treatment consisted in the application of a plaster-of- 
Paris dressing in rectangular flection, the forearm being kept in 
semipronation. A second skiagraph, taken 4 weeks later, 
showed ideal union, the external portion of the circumferentia 
articularis only protruding farther than it should normally. It 
also proved how quickly the evidence of the presence ot a 
fissure becomes lost if there be perfect approximation, a circum- 
stance to be borne well in mind from a medicolegal standpoint. 

The function ot the forearm did not become perfect until 
3 months after the injury, the joint showing considerable stiffness 



itizecy Google 



§ 15 OF ROENTGEN RAYS. 56 

at first, which yielded gradually to massage treatment (See 
Anoals of Surgery, March, 1901.) 

Fissure of the radial head being of a decidedly intia-articular 
character, an effusion in the joint is a natural sequence, which 
explains the uniform swelling at the beginning as well as 
the stiffness at a later period. From the observation of this 
ekiagraphic case we may learn that wherever observation shows 
no tendency to displacement it will be advisable to b^a 
motion at an early stage, say after 10 days, in fissure aa well as 
in fracture of the radial head. In relying on the skiagraphic 
mentor, our results will be far superior to those of the past 
Even in the much-feared caees of fracture of the radial 
head, where the fragment is considerably displaced, a great 
deal can be done, or rather prevented, under the guidance of 
the rays. 

The case of a man, age 32 years, gave an opportunity to 
diagnosticate a fracture of the radial head before the use of the 
Roentgen rays. This was easy because the ifluch displaced 
fragment was freely movable. It had seemed that the frag- 
ments had been successfully reduced, bu'. a skiagraph taken 12 
hours after the injury, through a plaster- of- Paris wire splint, 
showed that the reposition was not perfect. Anesthesia enabled 
the displacement to be corrected perfectly in the half-extended 
position with satisfactory results. 

Immobilization should be kept up for weeks in such cases, 
for premature contraction of the biceps muscle might separate 
the replaced fragment. If the fragments are not properly 
retained in place, the production of extensive adhesions might 
demand resection of the radial head. The same operation 
might be indicated if small fragments separated from the 
cartilage remained detached and act like foreign bodies so as 
to disturb the function of the elbow. The Roentgen rays enable 
US, in the event of this rare necessity, to trace out definitely the 
mode of such operations beforehand. 

106. Fractures of the ShafCof the Bad I ua.— Fracture 
of the shaft of the radius has a well-known tendency to dis- 
placement. Plate XXXIII illustrates a case in which the upper 
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radial fragment nae preseed against the ulna. Reposition was 
made by bending the forearm in the same manner ae a green 
stick is crossed over the knee, the ulna resting on the edge 
of a table. 

When it was thought that reposition was perfect a plastcr- 
of-Paris dressing was applied. But the skiagraph, taken at 
once, showed that reposition was imperfect, wherefore a 
second effort was made, which proved to be successful. In 
such cases it is advisable to flex the opposite bone as much 
as possible, that is, in isolated radial fracture bend' the ulna 
and in isolated ulnar fracture bend the radius. 

107. Fracture of the Carpal Bnd of the Radius. 

Fracture of the carpal end of the radius (erroneously called 
Colles' fracture) is the most frequent fracture type, and is sup- 
posed to form at least 18 per cent, of all fractures. We think 
that it forms 22 per cent. 

In no type of fracture have the Roentgen rays disclosed so 
many errors as in this much-disputed one. In most cases 
skiagraphy has revealed conditions that were not expected and 
that have required the original diagnosis to be more or lees 
modified. 

It has been found that the anatomic aspects of the various 
forms of fracture of the lower end of the radius differ more 
than those of any other fracture, and it is self-evident that 
such variants are by no means of indifferent importance in 
respect to treatment. 

108. Since March, 1896, when we first began to skiagraph 
all cases of fracture and suspected fracture that came under our 
care, we have observed fracture of the lower end of the radius 
123 times. In a number of cases fissure of the ulna coexists. 
Other surprising features are that simultaneous fracture of the 
styloid process of the ulna and of the scaphoid bone have been 
found in a great number of cases, complications that were 
formerly supposed to be of extremely rare occurrence. 

Having regard to experience as well as to the information 
gained by the Roentgen rays, we have tried to clansify those 
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forma of thie much- disputed fracture that appear to he most 
characteristic, and muet, accordingly, demand different thera- 
peutic measures, viz. : 

!. Epiphysial (chondro-epiphysial and osteoepiphysial) 
separation. 

2. Fissure (fracture without displacement). 

3. Complete fracture (simple and more or leas displaced 
and multiple T- and V-shaped). 

4. Incomplete fracture — infraction (very rare). 

5. Fracture of the carpal end of the radius combined with 
fracture of the styloid process of the ulna. 

6. Fracture of the carpal end of the radius comhined with 
fissure or fracture of the lower end of the ulna. 

7. Fracture of the carpal end of the radius combined with 
fissure or fracture of the scaphoid bone (also with the ulnar 
end, sometimes). 

All tlieae different varieties may be intra- as well as extra- 
articular. 

8. Fracture of little bone portions (chips), usually extra- 
articular. 

109. The first modification that the Roentgen rays imposed 
upon the anatomy of this fracture was our own discovery of the 
simultaneous injury of the lower end of the ulna. (See 
International Medical Magazine, May, 1897.) In a study of 
123 cases of fracture of the carpal end of the radius, fissure of 
the ulna was found 26 times (nearly always in adults) while 
the complete fracture was observed 9 times (during the age 
from 10 to 18 years). Displacement of the ulnar fragment was 
rarely present. In 4 cases it was, in fact, insignificant. The 
direction of the line of fissure and fracture was always trans- 
verse. The injury had invariably been caused by a fall upon 
the hand when in dorsal flection, the history oi the case invari- 
ably pointing to a high degree of ext«mal violence. 

110. Considering that in a case of simple fissure of the ulna 
the position of the fragments remains normal, as there is no 
diastasis, it is easily understood why a correct diagnosis was 
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hardly possible before the discovery of the Roentgen rays. The 
tear may, in fact, be so insignificant that only a very distinct 
skiagraph will show it. ^ 

Plate XXXIV illustrates a case of ostdoepiphysial separation 
of the radius combined with fissure of the inner surface of the 
epiphysial end of the ulna in a lad of 16 years who had fallen 
down a stone stairway. 

Plate XXXIV was taken while the ulnar mai^n of the hand 
was slightly lifted, while a former palmar skiagraph created the 
impression of a normal, non-ossified epiphysis. Another expo- 
sure, taken in the lateral position, illustrated the displacement 
of the fragment markedly. This is another proof of the abso- 
lute need, a^ stated, of taking at least two exposures in different 
positions in fracture cases. 

111. Another technical point deserving attention is that if 
the exposure is made immediately after a fracture is sustained 
the fracture line is often not well marked, especially so if there 
is no displacement of the fragBient, After a few days, when the 
callus formation begins, the Une is more marked. The first 
skiagraph of the case described, for instance, which showed 
hardly any evidence of the presence of a fracture, was taken 
I hour after the injury. The diagnosis of fracture could be 
made without the aid of the Roentgen rays in this case, but the 
simultaneous injury of the ulna would certainly not have been 
reci^nized by the old method. 

Plate XXXV illustrates the case of a lad of 18 years who fell 
from the roof of a small house. When the patient first came 
under observation, 24 hours after the injury, there was consid- 
erable swelling of the wrist and marked deformity, which was 
especially marked at the outer (radisl) aspect of the wrist. At 
the ulnar surface a slight irregularity was noticeable. The ski- 
agraph showed' a considerable displacement of both bones, 
whicli were in a state of splintering, and a transverse fracture 
of the scaphoid bone. Naturally, the displacement yielded to 
forcible bending under anesthesia. A second skiagraph, taken 
3 weeks after refracture, showed ideal apposition of the ulnar 
fragments and fair restitution of the radial. 
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It was only in five of the cases of simultaneous ulnar 
fiBSure or fracture that there were any indications of mobility, 
and even in these cases the indicatiouB were so slight that no 
diagnosis could have been made without the aid of the ski- 
agraph. Of course, as soon as the skiagraph has given a clear 
anatomic representation of the condition the palpatory impres- 
sions become more certain. 

112. In view of the anatomic relations, it is natural that 
ulnar crepitus was never observed in these caaes. Sometimce a 
slight ulnar deformity was noticeable, which was undoubtedly 
due to the presence of the bloody effusion within the fissure 
line. The tenderness localized in this sphere harmonized with 
this assumption. 

From the study of these cases the conclusion may he drawn 
that, in many cases of fracture of the carpal end of the radius 
producing the so-called sideward pushing of the ulna, there is 
ia fact a fissure or fracture of the ulna which, on account of its 
insignificant clinical signs, was not recc^ized in former years. 
We have no doubt that with the greater popularity of the 
Roentgen rays the comparative frequency of the injury will be 
confirmed by many physicians. 

113. It should be borne in mind that only a very good 
tube clearly reproduces the presence of a fissure. A soft tube 
should be chosen and the exposure should be long enough 
to show the structure of the bones distinctly and the soft 
tissues hardly at all, as, for instance, in Plates III, IV, IX, 
and XII. 

It has repeatedly occurred that on account of a mediocre 
skiagraph a figure line was not detected which appeared well 
pronounced in a blameless on& Such facts explain very well 
why some surgeons disputed the reliability of other fellow 
observers. Dr. A, for instance, insisting upon his diagnoeie, 
and properly so, while Dr. B, with his poor skiagraph of the 
same case, asserts that he did not find the fissure line. Of 
course, Dr. B's opinion ia thoroughly honest, but absolutely 
erroneous, nevertheless. 

Especially during the first few days after the injury the 
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presence of a fissure is more easily overlooked than later, when 
calluB formation begins. Only the most thorough observation 
brings out the necessary points with clearness, and it may be 
repeated that two synchronous exposures must be taken— one 
in the dorso-palmar and one in the lateral radio-ulnar position. 
It is also advisable to make several exposures during different 
stages of after-treatment Now we hear a number of confreres 
say: "This is all very nice and interesting, but wherein does 
the practical benefit of this detailed anatomic knowledge 
consist?" To this we must reply that the practical benefit is 
enormous, since we now understand why simple fissure heals 
under or in spite of any treatment Wherever no tendency to 
displacement exists, no replacement or, to use an ordinary 
term, no reposition is required. 

If the surgeon, led by anatomic knowledge, does the same 
that the quack does on account of his ignorance, namely, leave 
the healing process to nature, the same good reeult may 
finally be obtained. The scientific treatment of fissure will 
not alter any of its mechanism, hut it will, at least, have 
the value of giving greater comfort to the patient Such 
comfort is obtained by encircling the wrist hy a bracelet of 
moss-board. This appliance immobilizes the wrist sufficiently, 
and at the same time it permits enough motion to counteract 
the formation of adhesions in the sheaths of the tendons. The 
patient carries his hand in a sling in such a manner that the 
ulnar margin rests on it Thus, free motion of the hand is 
permitted. The patient is told to move his fingers as in 
playing the piano, and we found it very useful to advise him 
to grasp marbles of moderate size and to roll them around 
in the palm of the band. Patients are gener&lly willing to 
keep these marbles in their pockets, and play with them while 
reading, conversing, or walking around. If motion is thus 
kept up constantly the massage treatment, as well as forcible 
motion, can be dispensed with, and recovery is perfect in 
4 weeks or even before. 

In complete fracture without tendency to displacement, a 
plaster- of- Paris dressing may be applied immediately after 
the injury is sustained. But whenever displacement of the 
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fragments takes place, accurate reposition is the condition sine 
qua non. This is done best by forced extension, the hand 
being grasped as in a firm hand-shake, with a downward pres- 
sure by the surgeon's thumb, while counter- extension is used 
on the forearm, which is flexed rectangularly. If an assistant 
is at hand, the surgeon grasps the four Angers with his left and 
the thumb with bis right hand, while the assistant uses counter- 
pressure at the elbow. If this procedure should fail, anesthesia 
must be employed. If there is simultaneoUB injury of the 
lower end of the ulna showing displacement, like in Plate III, 
for instance, great care must be taken to press the fragment 
into its normal place. 

114. Even in multiple fractures, especially in the much 
dreaded T-shaped variety, the articular arch of the radius may 
be restored by repeated efforts of reposition controlled and 
corrected by the Roentgen rays. Even the routine suigeon is 
often astonished to find, after he thought he had accomplished 
a perfect reduction, how badly he has succeeded in his alleged 
reposition, one small item generally having been overlooked by 
him. Fortunately malpoeition can often still be corrected after 
2 or 3 weeks. 

Keeping the fragments well adjusted in a proper position is 
quite diflRcuH sometimes. We have, however, always been able 
to secure this by very simple methods. A long adaptable wire 
splint ia applied while forced traction is made; the splint 
reaches at the flexor side of the arm from the tip of the 
fingers to the elbow. If the direction of the displacement 
is upwards (silver-fork shape), a pad of adhesive plaster is 
attached to the dorsal integument above the fragment. Then 
a short, narrow splint of wood is applied on the dorsal aspect 
of the arm, reaching from the metacarpophalangeal joint to 
4 inches above the wrist, and is kept pressing downwards by the 
application of a gauze bandage. 

If the tendency to displacement ia downwards, the same pro- 
cedure ia carried out in the opposite manner, the wire splint 
being applied on the dorsal, and the wooden splint on the 
palmar side of the arm. 
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If the displacemeDt be sidewiae, which ie most marked when 
there is a Bimultaneous injury of the uhia, immobilization must 
be carried out on entirely different lines. The adhesive plaster 
pad must then be appli<Ml laterally to the fragment, two long, 
narrow, wooden splints being used at the same time. One of 
theee splints, being a little broader than the diameter of the 
bone, begins at the metaciarpophalangeal joint of the thumb, 
and the other at the same point of the little finger. Both 
extend up to the elbow, the same as the long wire splint. If there 
should be any displacement in the opposite direction, the pad 
must be applied on the ulnar side. No dorsal splint is used in 
this variety. After the dressing is finished, the skiagraph veri- 
fies the proper position of ^be fragments. In case the tendency 
to displacement cannot be overcome, a plaster-of- Paris dressing 
is applied, while forcible extension and counter-extension are 
used. Whether the position of the fragments is correct should 
be ascertained by the rays after the plaster-of- Paris dressing 
is applied. 

If, after the lapse of a week, agglutination of the fragments is 
obtained and no deformity is evident, then the soft tissues must 
receive consideration. It is only then that short splints are in 
order. They consist of well-padded pieces of wood extending 
from the metacarpophalangeal joint up to the middle of the fore- 
arm. After another week a bracelet, such as is recommended for 
the treatment of simple fissure, is so applied as to permit of the 
free motion of the fingers (see Art. 113). The patient is 
told to move his fingers as in playing the piano; also to use the 
marbles as described in the treatment of the fissure. 

After the third week massage treatment is indicated, active as 
well as passive motion of the joint being employed at the same 
time. ThereBUltsofthesesimplemethodsarejustasgood if not 
better than those obtained by any of the numerous much compli- 
cated apparatus often advised for the same purpose. If all the 
points of these manipulations dictated by simple common sense 
are observed, and if their proper execution is certified by the 
skiagraph, surgical clinics will no longer furniah so much testi- 
mony of deformities and functional impairment following 
fracture of the carpal end of the radiuM. 
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Of course, for the rich man who does no work and for the 
laborer who does only rude work, the faulty position may be of 
little importance. But whoever must do delicate work will be 
greatly damaged by even a email degree of functional disturb- 
ance. In fact, it is the displacement of the fragment, be it even 
very small, which causes the chain of later dieturhances. 

115. These doctrines are bo simple that it seems almost 
unnecessary to repeat them. And yet they are frequently 
violated. The functional impairment following some fractures, 
especially the formation of adhesions in the vicinity of the 
joints, has led a number of surgeons to enunciate this dogma: 
"The most important part in the treatment of fracture is the' 
treatment of the soft tissues." They claim, in other words, 
that because the function of the soft tissues — for instance, of 
the tendons — is impaired after a non-reduced fracture, the soft 
tissues should have received more attention instead of the 
displaced fragment having been simply reduced to where it 
belongs. Nothing, in fact, is more contrary to common sense 
than this dangerous maxim, which is based on correct obser- 
vation, but incorrect interpretation. It should always be con- 
sidered that the relations of the soft tissues to the bones are like 
that of the clinging vine to the sturdy oak. 

Galen says that the hones give the human body form, erect- 
nesB, and firmness. It is evident that an injury of the bones 
impairs these three fundamental factors. The most important 
step toward repair must thus be taken in the foundations 
rather than in the superimposed structure. 

If there is displacement of the bone fragments, undue pressure 
is necessarily made upon the soft tissnes; 7wn-reductioti meuits 
pemistence ofpreamire, the unfortunate consequences of which are 
well known. Reduction means the relief of pressure. Of course, the 
act of injury cannot be undone by the mere cessation of presBure; 
but the influence of the injury on the soft tissues — the influence 
of the pressure, in fact — lasts only a short time, and is insignifi- 
cant aft«r early reduction; there is then but little inflammation, 
and consequently little exudation, and therefore repair is easy. 
This means that the premises of adhesion formation are wanting, 
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and clinical observation shows that if there was perfect reposi- 
tion, the joint as well as the sheaths of the tendons are found free, 
provided the immobilization has not 1ast«d for an extraordinary 
length of time. In such cases of severe functional disturbance 
of the joint produced by the agglutination of the fragments in a 
displaced position we have repeatedly succeeded in reducing 
the deformity by osteotomy performed under the guidance of 
the Roentgen rays. In every instance the functional result has 
been very satisfactory. 

116. In addition, it may he ui^ed that there is another and 
frequent simultaneous injury, namely, the fracture of the styloid 
process of the ulna, which ^^ discovered long before Roentgen 
by N^laton and Velpeau, but has often again been disputed. 

The Roentgen rays bring the great old French surgeons to 
honor again. Our statistics show a participation of the styloid 
process in 31 per cent, of the cases. Kahleyse, in his mono- 
graph, finds a frequency of 78 per cent, which seems to us to be 
rather high. 

In this country, especially Pilcher, Freeman, Corson, Thomas, 
Don,.Haughton, and Colton have contributed their share to the 
better understanding of this condition. How important early 
recognition of the displacement of the broken styloid process is 
may be evident from the case of a woman of 30 years who 
had sustained a fracture of the carpal end of the radius, but 
which was not skiagraphed until 8 weeks after the injury, when 
she still suffered from a stiff, swollen wrist. The skiagraph 
revealed inversion of the styloid process of the ulna, which 
explained the intense pain caused by any effort ot bending the 
wrist-joint. Had this condition been recognized at an early 
stage, a small amount ot pressure would have sufficed to push 
the fragment into ito proper position, while after the elapse of 
8 weeks perfect restitution could be expected only by removing 
the little obstacle with the chisel. 

117. Another interesting injury is the fracture of some of 
the carpal bones, at first discovered by Destoit and Gallois. 
In realizing that the fracture of the carpal end of the radius is 
not only expressed by a tear, but also that it is produced by a 
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combination of tearing, puehing, and counter-pushing, it Is 
easily comprehended why the effect of the violence ia not con- 
fined to the radial epiphysis but also either extends to the ulna 
(ulnar inversion of the radial fragment described above) or 
is transferred to the carpus. It has been maintained that 
the preference is for the semilunar bone (Gocht, Kahleyss). 
Destoit and Gallois, also, found fracture of the unciform bone. 
Most of these reports, however, refer to the isolated fracture of 
these bones. It seemed repeatedly that we had detected theee 
injuries eo long as we had a palmar exposure only, but lateral 
projection showed that the shadow of the adjoining carpal end 
had deceived us. ("Errors Caused by the False Interpretation 
of the Roentgen Rays," New York Medical Record, August 
25, 1900.) 

118. But another injury, namely, transverse fracture of the 
gcaphoid bone, was observed' in 9 per cent, of our cases. In 
realizing that the scaphoid is the iriost important of the car- 
pal bones articulating with the radios, it can easily be under- 
stood that the same mechanical combinfttinn following external 
violence, as alluded to in connection with ulnar coinjury, holds 
good in regard to the scaphoid bone, viz., that the pressure is 
continued to its arch, which must then yield. The direction of 
the force is straight, in this instance, instead of being sidewise, 
as in ulnar coinjury, the hand being held in pronation and radial 
inflection. This also explains the enormous intra-articular 
effusion sometimes present, which is responsible for the great 
tendency to the formation of adhesions in these cases. In all 
the cases observed by us an extreme degree of violence was 
the etiological factor. 

Based on this experience, we may venture to call this 
injury a typical one, found aa^a consequence of an extreme 
degree of violence. Previously, the extensive swelling caused 
by the abundant effusion was attributed to the radial injury 
only. It is this injury that is especially prone to cause bony 
ankylosis of the wrist. Now, in diagnosticating this injury at 
an early stage, we possess the power to counteract this occur- 
rence by early motion. 
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119, The more we learned to modify our diagDoais by the 
Roentgen rays, the oftener have we found that the moat conve- 
nient diagnosis of contusion oi distortion in many instances ia, 
in fact, nothing else but a makeshift for a fissure or fracture. 
Aside from the fracture of the whole styloid process of the radius 
itself, the stripping off of small bone portions is of frequent 
occurrence. In such cases masst^e treatment is manifestly 
inappropriate; the treatment to be carried on is the same as for 
the treatment of fracture, viz., immobilization. This should be 
kept up at least for the first week after the injury and aft«r the 
little fragments were redressed. 

Such chips are sometimes not larger than the head of a pin, 
and if they are separated from the dorsal or palmar surface of 
the radius they may not be at all conspicuous on the skiagraphic 
plate when it is taken from the palm or the dorsum, the thick 
shadows of the radius veiling them. A lateral exposure will, 
of course, show them distinctly. A small bone-chip may be 
seen associated with non-displaced fracture. If the massage 
treatment, so commendable in contusions, is used in these 
cases, it is not surprising that the patient becomes rebellious. 
The Roentgen rays explain this phenomenon well, it is, in 
fact, not at all indifferent whether a simple bloody effusion 
or keen edged bone fragments are kneaded. 

120. The study of the various diseases and injuries of the 
hand was greatly benefited by the discovery of the rays. A 
lai^ number of alleged dislocations and contusions are, in fact, 
either complete fractures in adults or separation of the 
epiphysis in children. Especially fractures of the metacarpus 
proved to be by no means as rare as was thought formerly. In 
most cases displacement of the fragments being absent and the 
other metacarpal bones serving to a certain extent as splints, it 
is natural that the reaults in these cases were nearly always good 
no matter what treatment was employed ; the post hoc, ergo propter 
hoc being enough for the superficial observer. If, however, he 
had used the Roentgen rays he would have been not a Httle 
surprised to find in such a case the evidence of a fracture; 
while at the same time be could congratulate himself that in 
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spite of his treatment for simple contusion the result was so 
perfect. 

In the event of displacement the result would be somewhat 
different. It the displacement is in the dorsal direction, it is 
not only easily recognized, but also reduced and kept in place 
without difficulty by the coaptation splints. But if the dis- 
placement, as it often occurs, is sidewise, the result may be 
very unsatisfactory, the remaining deformity and disturbance 
of function being considerable. If a common laborer is con- 
cerned but little inconvenience may be caused by it; but if a 
person whose hands must do delicate work, like a musician, 
watchmaker, cabinetmaker, or last, but not least, a phyBician, 
for instance, is the victim, badly united metacarpal fragments 
of the right hand may seriously interfere with hie professional 
work. 

Reduction of the displaced fragments never oSere any insure 
roountable obstacles; but to hold them in place is a far more 
complicated task, and the recurrence of the displacement under 
the usual immobilizing methods shows their insufficiency in 
the end. 

121. The question now is: what is to be our guide in 
estimating the value of a given immobilizing method before 
consolidation can have taken place? In former years we used 
to judge the value of one or the other method by the final 
result. But, now, just as we estimate the value of a germ- 
destroying method first of all by bacteriological experiment, so 
we are able to judge by irradiation from the very beginning. 
If the immobilizing dressing is perfect, the formerly displaced 
(raginents must be found in exact apposition when skia^aphed 
through the dressing. Various experiments have shown that 
the metacarpal fragments are invariably held in place by elastic 
pressure. For this purpose two rubber drainage tubes of 
moderate size are chosen, which are lightly pressed into the 
adjoining interosseous spaces so that they fill them up to a 
certain extent. They are kept in place by stripe of adhesive 
plaster. Thus the recurrence of the displacement is prohibited. 
The whole is surrounded then by a moss-splint, a material that 
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after beiDg dipped in cold water adapte itself to the contours 
of the hand like a plaster-of- Paris splint, over which it 
possesses the great advant^ea of being absorbent and much 
lighter. 

In the case of a young Italian who sustained a fracture of 
the fourth metacarpal bone in its middle as a result of direct 
violence (he struck his brother in the face with his fist), consid- 
erable lateral displacement was produced. Reposition was 
easily accomplished and the fracture area was carefully sur- 
rounded by narrow pads that were supported by adhesive 
plaster. A long palmar extension splint was then applied. 
There was no swelling of the fingers nor any sign of discom- 
fort. But when examining the metacarpus 2 weeks later with 
a view to leaving off the splints, it was found that the fragments 
had slipped by each other again. Other means of immobiliza- 
tion were seriously considered. After filling up the interosseous 
grooves between the fourth metacarpal bone and the little finger 
on one side and the third one on the other with two rubber 
drainage tubes, a skiagraph was taken, which showed the frag- 
ments in ideal apposition. Shortly afterwards the rubber tubes 
were removed and the displacement recurred at once. From 
this we learn that it is unwise to rely upon the old dictum that 
metacarpal fractures show perfect consolidation after 3 weeks. 
We should consult the Roentgen rays before satisfying ourselves 
as to the question of impeccable union. , 

122. Recognition of the various types of dUlocalum of the 
tAumb has also become easy. In former years old non-reduced 
dislocations of the thumb were a frequent occurrence at surgical 
clinics. 

Plate XXXVI shows dorsal dislocation of the second phalanx 
of the thumb in a woman of 26 years. Reduction could still, 
atler 3 weeks, be accomplished by the use of a strong blunt 
traction -forceps. h\aclures of the phalanges were also often over- 
looked. While a thorough examination should always reveal 
the presence of a trantiverse fracture of the phalanges, the longi- 
tudinal type could not be suspected under ordinary circum- 
stances. Plate XXXVII shows the third phalanx of the ring 
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finger of a lad ot 15 years split nearly id halves. The skia- 
graph suggested pressing the two fragments together and keeping 
them in apposition by a strip of adhesive plaster. We confess 
that we never knew of the existence of this fracture-type before. 

1 23. Tvberculods of the carpus, metacarpus, and phalanges, 
frequent in children, can be well studied and treated under the 
guidance of the rays (see Art. 136). 

124. It was our privilege to discover a patholi^ical condi- 
tion (tenontitis and tenontothecitis prolifera calcarea) which, as 
far as our knowledge goes, has never before been described. It 
concerned a Russian tailor, age 42 years, who noticed a small and 
painless swelling formed in the dorsal surface of his right hand 
11 years before. The size of this swelling increased gradually, 
but sometimes it seemed to be somewhat less. At last it 
became quite large, but until it grew painful no medical advice 
was sought 

When first examined a globular tumor was noticed on the 
dorsum of the right hand, the size of which corresponded to 
that of a moderately large apple. Its surface was red, its con- 
sistence irregular, some parts of it being hard, while others 
appeared soft to the touch. The center of the tumor was 
occupied by a large ulceration, which was surrounded by several 
fistulous tracts from which turbid sero-pus issued. 

The first impression was that the tumor represented an 
osteosarcoma and it was feared that speedy amputation would 
be indicated. It was decided to consult the Roentgen rays, 
which proved to be a valuable means ot information, since the 
true condition was at once precisely defined. A skiagraph 
taken under the influence of intense irradiation showed that 
the third metacarpophalangeal joint was the seat of a focus of 
inflammation. The first phalanx was grown together with the 
metacarpus. The cortex of the condylar side was totally 
destroyed, appearing as it scooped out with a gouge. By faint 
irradiation the outlines of the tumor appeared well marked. 

A third skiagraph taken under powerful irradiation and a 
short exposure showed the bones faintly, but permitted distinct 
recognition of the various shades of the tumorous portions. 
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The light are&s showed the euppurating portioDB while the dark 
ehades corresponded to the calcareous area^. These, as shown also 
by the subsequent operation, were the predominating elements 
of the tumor. It now became evident that there was a chromic 
inflammatory process probably of a tuberculous nature. 

The extirpation showed the defect of the bone filled with 
yellow cheesy maflses, the synovial membrane being partially, 
destroyed at the same time. But the most surprising feature of 
the condition was that the extensor tendons of the digits, except- 
ing the thumb, appeared as it cemented into one mass of mortar. 
In dividing this mass the knife caused a loud grating sound. 

Of the tendon on the third finger only a few rudimentary 
fascicles had remained, so that it had to be sacrificed entirely. 
The fascicles of the second and fourth extensor tendons were 
kept apart by the concretions. They were, in fact, so much 
incrusted that only a small portion could be felt. The weight 
of the whole amount of the calcareous mass removed proved to 
be 80 grams. 

Microscopical examination showed round-cell granulations 
and the presence of staphylococci, but no evidence of tuber- 
cle bacilli. There were also deposits of phosphates and car- 
bonates of calcium. The fragments of the tendons showed 
granulation of the circumfascicular and the iDtrafascicular con- 
nective tissues. 

Hematoxylin colorized the degenerated tiaaue dark-brown 
violet, and picrocarmin changed it into red. Recovery was 
slow and did not become perfect until 6 months after the 
operation. 

Now, what was the integral character of the disease? There 
was a much degenerated (cheesy) tissue in the state of necro- 
biosis which seemed to have a sort of magnetic effect, so to 
speak, on the dissolved calcareous salts, inducing them to amal- 
gamate. Such petrifactions are found in tuberculous (cheesy) 
foci of the lungs and not infrequently in endocarditis, peri- 
carditis, in old pleuritic bands, uterine myomata, and in renal 
epithehum. In the walls of blood-veesels as well as in d^en- 
erated thyroid glands we have had an opportunity, by means 
of the Roentgen rays, to define the mode of petrifaction. 
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The tendons and their eheathe eeem to be but aeldom the seat 
of predilection for calcareous depoeite. Still, with the Increae- 
ing popularity of the Roentgen rays, more light may also be 
thrown upon the pathology and significance of this hitherto 
unknown disease for which we suggest the name of tenontitis 
and tenontothecitis prolifera calcarea. (New York Medical 
Joomal, April 27, 1901.) 

125. Afl previously mentioned, the great scientific and 
practical value of Roentgen rays is also evident in the study 
of amgenHal malformations of the bona. Skiagraphy of the 
extremities especially has given more valuable information than 
diBsectiott. The exact anatomic diagnosis that it enables us to 
make informs us whether surgical interference in a case of mal- 
formation is possible and, if so, outlines clearly our modus 
operandi beforehand. The ingenious operations of Barden- 
beuer (division of the ulna for carpal implantation) and 
von Eiselabei^ (transplantation of the toe), and the work of 
Kinnisson, Vulpius, Middleton, Pagenetecher, von Bardeleben, 
Joachimsthal, Schede, Lamberts, and Grunmach furnish most 
brilliant testimony to our progress in this direction. 

126. Polydactylism. — Fortunately, the most frequent 
abnormality is the one that can be most easily remedied, namely, 
polydactylism. If there is but a rudimentary finger attached 
loosely by a pedicle and containing no phalanges at all, removal 
is very simple. 

But when, as is the rule, there is a true superaumary digit 
articulating with another phalanx or the head or side of a met- 
acarpal bone, the site of exarticulation must be well known 
before the operation. Otherwise, the better developed phalanx 
may be sacrificed. 

127. Syndactylism. — Syndactylism, while not so fre- 
quent as polydactylism, also represents a large group of casee of 
raallormation of the upper extremity and is likewise amenable 
to operative interference. 

In a case of syndactylism in a boy of 4 months Ihe 
second, third, and fourth digits appeared to be fused together, 



itizecy Google 



72 PRACTICAL APPLICATIONS § 15 

each one of then, however, poaseeaing its own nail. The akia- 
gr&ph showed fusion of the first and second phalanges of the 
third and fourth digits, while their third phalange were free. 
The little finger was more developed than the slightly deformed 
thumb. The carpus was not yet ossified, and showed no shade 
therefore. Under the guidance of the Roentgen rays it was 
easy to divide the phalanges. The middle finger waa protected 
easily by a lai^e longitudinal fiap from the dorsal surface of the 
hand. The other two fingers were covered with their integu- 
ment, longitudinal fiaps being formed from the palmar surface 
for the second finger, and another one from the dorsal side of 
the fourth. The final result was good. 

128. Congenital Deficiencies. — Congenital deficiencies 
are naturally much less amenable to correction. But that sur- 
gery is not without reaourcea even in desperate cases of this 
kind is made evident by the transplantation of a toe to the 
hand, successfully undertaken by von Eiselsberg. 

In brachydactytUm, combined with ectrodactylism, the 
Roentgen raye have proved to be of great value. In the case of 
a boy, age 3 months, there were five rudimentary fingers. 
The skiagraph showed the presence of one phalanx of the 
thumb and one of two phalanges of each of the other fingers. 

Under the guidance of the Roent^n rays a fiap operation was 
performed, on the principles set forth in the case deacribed in 
Art. 127, between the first and second finger rudiment. Thus 
a fairly good thumb was created. The case, however, offered 
two more points of interest. In the first place there was a con- 
genital fracture of the ulna and radius at their lower third, as 
was also illuatrated skiagraphically. The forearm could be 
bent easily at the seat of the fracture. After wiring the frag- 
ments, union became perfect. 

There wae, furthermore, congenital constriction at the region 
of the surgical neck of the humerua, where a deep furrow 
encircled the whole circumference of the arm. Palpation was 
unable to detect any soft tissues between the integument and 
the bone. An exploratory incision revealed the presence of 
fragments of the bicepa, triceps, and deltoid muscles. Their 
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edges were refreshed and united with catgut. For relaxation 
two deep wire sutures were introduced from without. The result 
is fair according to the last report, 18 months after the operation. 

It may be added that the otherwise well-developed hand 
showed a moderately deep constricting furrow near the meta- 
carpophalangeal junction of the middle finger, which did not 
seem to demand surgical interference since the skiagraph 
showed its integrity otherwise. 

It seems to us that this special branch of surgery does not 
receive the attention it merits. Considering that in the lower 
animals, as long as in the embryonic stage, r^neration of large 
portions of the head and trunk are possible, it should he 
expected that the new-hom child — in a smaller proportion of 
course — also offers more chances for regeneration than the 
adult. If the germinal layer is only present, further develop- 
ment of the tissues can be looked for. If a part of a phalanx is 
properly severed, He individualization is a matter of great prob- 
ability provided the bridge remaining has preserved sufficient 
vascularity for nutrition, that there is no overextension of the 
flap, and that the most minute aseptic precautions are taken. 

Foreign bodies are easily shown in the hand, especially needles 
in the palm often coming under the observation of the busy 
practitioner. Plate XXXVIII is only presented to show that 
even the eye of a small needle can be well shown. 

129. Remedying: a Club-Hand. — In a case of con- 
genital club-hand associated with absence of the radius and 
ulna, only three fingers and three metacarpal bones were 
present, as became evident by skiagraphic examination. 

The left arm of the boy was normal with the exception of the 
thumb, which was partially ectrodactylic. An attempt was 
made to improve this deplorable condition by creating a thumb 
after the principles carried out in the case just described. For 
this purpose a dorsal incision was made down to the first meta- 
carpal bone, which was divided longitudinally, thus making a 
kind of bifurcation. The phalangeal end was severed entirely, 
but the carpal end, after being fractured longitudinally, was 
left in slight connection with the metacarpal bone. Thus a 
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new bone was obtained that was Buirounded by dorsal as well 
as palmar flaps. There was little trouble during the after- 
treatment. How tar this new fourth finger can be utilized can, 
of course, not yet be known, the child still being under 
treatment. (See "Congenital Malformation of the Upper 
Extremity," New York Medical Journal, June 29, 1901.) 

INFl^AMMATORY PBOCESSES AND NEOPLASMS OF TITE 
BONES AND JOINTS. 

130. Many limbs have been sacrificed by unnecessary 
amputation and many lives have been lost by deferred amputa- 
tion on account of errors in diEFerentialing the various infiam- ■ 
matory processes from new growths of the bones and joints. The 
Roentgen rays have opened entirely new fields in this sphere. If 
they are not always able to give a positive answer, they often by 
the way of exclusion give a chance to arrive at a correct diagnosis. 

If in a case of obscure swelling of the knee-joint, for instance, 
the Roentgen rays reveal nothing else than the absolute int%- 
rity of the joint, osteitis, tuberculosis, syphilis, or a bone- 
injury can be excluded. It is certain then that only the soft 
tissues are involved. Thus we may, in conjunction with other 
clinical symptoms, be satisfied that we have to deal with a 
rheumatic swelling or a neopiasmoid formation of the soft 
tissues only. But in many instances the Roentgen rays give 
positive information. 

131. Periostitis. — Again, in periostitis as well as in 
osteomyelitis the skiagraphic signs are well marked. Abscesses 
can not only be localized, but their extent is so well 
outlined that the technical steps of the operation can be 
definitely traced in advance. The feeling of security the 
sui^eon has while proceeding under the mentorship of the 
skiagraph gives a satisfaction unknown in former years, when 
often the whole femur had to be exposed simply in order to 
ascertain whether all foci were delected. If the Roentgen rays 
show but one focus, no other regions of the bone need be 
attacked. 

In such cases a preceding trauma often opens the avenue of 
infection. The pain, the edema, the fever, and general debility 
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may be sometimee eo little marked that differentiation becomes 
. difficult The skiagraph not only clears this difficulty of 
diagnosing this disease, true etiology of which is still so obscure, 
but it also furnishes a trustworthy guide for the operative 
technic at the same time. 

132. Osteomyelitis. — Osteomyelitis is ol a decidedly 
infectious character, generally due to the invasion of the 
staphylococcus, which fortunately has a tendency of forming 
drcumscribed foci in the vascular tissues of the bone, viz., the 
medulla and sometimes the periosteum. The predilection of 
osteomyelitis is for the long bones of young individuals. It is 
self-evident, therefore, that the early recognition of osteomy- 
elitic foci renders the prognosis of their evacuation extremely 
favorable. 

In the case of a woman of 20 years the slow onset of the 
symptoms did not eeem to indicate an acute inflammatory 
process. Pain being present only temporarily, the fear of a malig- 
nant growth was apparently not unjustifiable. The skiagraph 
at once did away with all anxiety, since it revealed the presence 
of periostitic proliferations and a circumscribed osteomyelitic 
locus at the middle of the humerus. The focus was easily 
exposed by the chisel under the mentorship of the skiagraph. 
That the skiagraph had also spoken the truth by demonstrating 
the intc^ty of the remaining portions of the humerus vaa 
shown by the speedy recovery of the patient. 

The focus was distinguished hy its light shade in the midst of 
the dark shade of the cortex. The regularity of the cortical line 
distinguished it from osteosarcoma and the absence of disten- 
tion from osseous cyst. 

133. Necrosis, and other later stages of infiammatory pro- 
ceeses can be represented still more distinctly. The size and 
shape of a sequestra can be easily made out. It can further- 
more be ascertained how they are located in their bony coffin, 
whether they still adhere or are exfoliated. Under the guidance 
ol the Roentgen rays extraction is very easy. 

In the case of a man of 23 years who had crushed his 
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little iinger, amputation was deferred until septic tenonitis and 
t«nontothecitia had developed. The extensive tissue necrosis 
in the muscular interstices of the forearm necessitated free and 
deep incisions, which showed the radius as well as the ulna 
denuded of its periosteum. Amputation was therefore author- 
itatively advised, but nevertheless the chances for further con- 
servative treatment were taken. Fortunately the process became 
confined to the forearm and recovery seemed to make rapid 
progresB. Only a Bmall fistula at the dorsum of the forearm did 
not close. The repeated introduction of a probe did not reveal 
the presence of rough bone, and we were inclined tit suppress 
our suspicion of the presence of a sequestrum. Our surprise 
was great when the Roentgen rays revealed the presence of a 
large splinter exfoliated from the inner portion of the radius, the 
surface of which was covered by osteophytes. The direction of 
the skin incision, slightly oblique, was dictated by the position' 
of the sequestrum as shown by the skiagraph. When the seques- 
trum was reached it was found to be covered by thick, fibrous 
tissue at the upper surface, while the inner and lower surfaces 
were exposed. This explains why the introduction of the 
probe gave no positive information, since it had touched only 
the fibrous cover and did not come into contact with the rough 
lateral or posterior surface. Recovery was perfect 11 days after 
the operation. The regeneration of osseous tissues can be well 
studied in such cases by the skiagraph. 

Foci of the same character are sometimes formed in typhoid 
fever. They must be treated after the same principles. 

134. In diagnosing inflammatory processes in the joints 
great difficulties are sometimes offered. As stated before, in the 
case of acute rheumatism the integrity of the articular outlines 
are well marked. The same applies to acute infiammatory pro- 
cesses due to infection. In the latter event the distension ot the 
joint by the serous or purulent effusion may be represented by 
the skiagraph. 

In chronic rheumatic processes the articular bone line appears 
somewhat irr^;ular. 

In arthritis the contours of the bone epiphyses appear 
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irr^ular; they appear like indentatione on some portions, 
while others are reiled. 

In arthritii d^ormane the oateitic proliferations are especially 
abundant and are well represented by the rays. The arthritic 
deposits are rec<^izable as light shades of the deformed epiph- 
yses, as they consist of translucent uric-acid salts, while their 
periphery is distinguished by a dark sphere. 

Plate XXXIX illustrates the case of a laborer of 50 years who 
sustained an injury of his elbow 11 years before. He reported 
that recovery took place after several months and that the elbow 
had remained stiff ever since. During the last few years inflam- 
matory s^p38 had manifested themselves, which were regarded 
rheumatic. No other joints were involved. Since then he also 
had repeated attacks of pain in the elbow-joint. When we 
examined the patient for the first time we found the elbow very 
much thickened and fixed at a sharp angle. Pressure below the 
external condyle caused intense pain. Crepitus, so often found 
in old arthritic processes, could not be produced in this instance 
as the joint permitted no motion at all. There were no indica- 
tions of tuberculosis, syphilis, or gonorrhea. 

The skiagraph, Plate XXXIX, revealed the presence of mal- 
union (sideward displacement) of the coronoid process of the 
ulna, which probably had given the first impetus for the develop- 
ment of the arthritis deformans, which is especially well marked 
in the external condyle of the humerus. The left condyle shows 
synosteosis with the olecranon. Removal of the projecting 
fragment by the chisel, separation of the adhesions, and the 
partial resection of the external condyle, the seat of predilection 
for the acute attacks, were advised as therapeutic means. 

135. Arthropathia Tablca. — In arthropathia tabica 
the bone appears eroded as in osteoperiostitis, but at the same 
time it is considerably distended. 

136. Tuberculosis of the Bones and Joints. — In 

tubereuttma of Ike bones arid joints the Roentgen rays not only 
^ve information as to the seat and extent of the tubercular 
areas, but also offer the only means sometimes of differeatia- 
tion from other affections, the clinical signs of which resemble 
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it. The walls of an intraosseous focus appear thickened. Some 
portions are translucent and their contours irr^ular. The artic- 
ular outlines of a tubercular joint have lost their regularity and 
appear diffuse, cloudy, and sometimes shaggy (Plate XVII). 

In later stages, when cheesy foci have formed, for instance, 
their areas become translucent. The cortex is sometimes 
entirely destroyed and leaves the impression of having been 
scooped out with a gouge. When there is calcareous d^en- 
eration the foci appear dark shaded. 

In the case of extensive tubercular destruction the eroded 
and displaced cartilages can be studied. In tubercular coxitis 
the spontaneous upward dislocation ot the femur and the 
separation of its head in the acetabulum can also be easily 
rec<^nized. 

It need not be said that the early detection of a tubercular 
focus enables the eurgeon to do a conservative operation, while 
at the late stage of extensive destruction such efiorta are futile, 
as it is sadly illustrated by ekiagraphic examination. 

137. By realizing that so-called otteosarcoma is the most 
frequent of morbid osseous growths, and that of all tumors, 
sarcoma offers the gravest prognosis, the importance of a 
thorough diagnosis need not be emphasized. The matrix of 
osteosarcoma, like that of all osseous growths, is either the 
periosteum or the medulla in combination with the tissue 
originating from their proliferation. 

Perwileal mrcoma is of moderate hardness and contains 
either round, spindle, or polymorphous cells. It attaches itself 
to the bone laterally, but may in its further development 
encircle it entirely. Periosteal sarcoma may become a real 
osteosarcoma at a later stage, when osseous trabecuUe are formed. 

The skiagraph of periosteal sarcoma is characteristic, since it 
shows fine spiculated trabeculte that radiate from the surface. 
Periosteal sarcoma spreads rapidly and is highly malignant. 
Whenever the diagnosis perwsleal sarcoma is made, amputa- 
tion should be insisted on. 

138. Various Classes of Myelogenous Sarcoma- 
Sarcoma originating from the medulla is called myelogenous 
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and is of a lees malignant character. It may be claasified aa 
toft, hard, alveolar, and mvitiple. 

139. Soft Myelogenous Sarcoma. — The soft myelogen- 
OUB variety showtt the ordinary Barcomatous texture. Its 
predominating feature is the presence of round cells. It has a 
decidedly more benign character than the periosteal type. 
Therefore, it justifies a conservative attempt, that is, extensive 
extirpation. It produces carious destruction of the spongy 
portion, which may cause spontaneous fracture. At a later 
stage the osseous shell will yield to the spreading sarcomatouB 
tissue. 

This variety has a predilection for the long bones, especially 
their ends, and predominates at the lower epiphyses of the 
femur, tibia, humerus, and radius. Skiagraphs of the soft 
myelogenous variety show the absence of osseous tissue, small 
fragments of which are Bometimes left here and there. 

In the case of a woman, age 28 years, who had fallen on her 
hand when it was in dorsal flexion, the faint outlines of bone- 
shell in a soft myelosarcoma were Bhown. The swelling result- 
ing from the injury produced the impresBion that a fracture of 
the carpal end of the radius was Bustained. 

Three months after the injury, when the patient came under 
our observation for the first time, a slight deformity was noticed 
just as it is observed in a badly united fracture of the carpal end 
of the radiuB. But the consistency of the epiphysial end was 
soft The skiagraph failed to show the evidence of bone tissue, 
only one small remnant being left at the outer aspect of the 
radins. Resection was advised, but before the patient submit- 
ted to it another month had elapsed, during which time the 
neoplasm had grown to a great extent. The result was reported 
aa being fair S months after the operation. 

140. Hard Myelojfenous Sarcoma. — The hard mye- 
logenous variety, generally called endosteal, or central, sarcoma, 
also shows the ordinary sarcomatous structure. Its distinguish- 
ing feature is its fibrous texture and the presence of spindle 
cells. Some portions contain various tissues; the spindle-cell 
tissues often containing giant cells. If smaller or larger bone 
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trabeculte are produced, it is called osteosarcoma proper; if there 
are calcareous deposits, purifying sarcoma; and if the tissues 
become vascular, a telangiectalic sarcovia will be formed, so that 
it may be mistaken for an aneurism. 

In later stages, when there is a regressive metamorphosis, 
tatty or cystic degeneration may take place. Then these neo- 
plasms that occur, especially in the femur, tibia, and inferior 
maxilla, may attain an enormous size. 

The skiagraph of osteosarcoma proper shows more osseous 
tissue than the former variety, but its outlines arevery irregu- 
lar. Osteosarcoma proper usually commences near the epiphy- 
sis of a long bone. 

The skiagraph of an osteosarcoma proper in a woman, age 
40 years, showed the destruction of the lower third of the 
radius and of a large portion of the carpus. Resection was 
performed; the result was perfect, as was illustrated by another 
skiagraph taken more than 4 years after the operation, which 
showed the regeneration of the osseous tissue. 

141, Alveolar Mj'elogenouB Sarcoma. — The alveolar 
variety is characterized by its alveolar stroma, which contains 
nests of taige cells. They have a predilection (or the bones 
of the skull and the trunk. 

142. Multiple Myelogenous Sarcoma. — ^The multiple 

variety (also called myeloma) is characterized by the presence 
of numerous whitish foci, which consist of small, round cells. 
It baa the same structure as the lymphoid sarcoma and is 
almost exclusively found in very old individuals, for whose 
akuU and trunk they show the same predilection as the 
fortner variety. 

The skiagraph of the alveolar, as well as the multiple type, 
shows the foci as light irregular shades. The structure of 
their type, especially Uieir manner of destroying the preexisting 
bone-tissues, the thin osseous walls, and the trabeculte formation, 
is the standpoint for their skiagraphic study. The intra-osseous 
tension is responsible for the expansion of the compact osseous 
layer, which is thus made gradually weaker and at last almost 
entirely disappears. Thus, we see that it is the abnormal and 
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indefinite outline, or even the entire absence of osseouB cells, 
the cortex especially disappearing, which is more or less char- 
acteristic of the various types of osteosarcoma in contradistinc- 
tion to other bone diseases. 

As to differentiation it may be said that in aneurism the 
bone would show intact. Attention was called to the useful- 
ness ot the Roentgen rays in a case of femoral aneurism, which, 
on account of extremely thick walls, showed no pulsation, so 
that it had originally been taken for osteosarcoma, an amputa- 
tion, then, having been considered. The femur appearing 
intact, it was evident that there was a disease of the soft 
tissues. 

143. Osteoperiostitis. — In chronic osteoperiostitis the 
walls appear irregular, but the irr^ularity is one-sided and 
there is a globular or spindle-like shape. In tuberculosis the 
shade will be cloudy or shaggy. In osteomyelitis the cortex 
shows nearly normal outlines. 

144. Syphilis. — The skiagraphic expression of syphilis 
is also characteristic. In the congenital form lai^e ossified 
areas are recognized in the epiphyses that would appear trans- 
lucent in their normal cartilaginous condition. On the other 
hand, light areas are noted in the diaphysee as an expression 
of insufficient calcareous deposition. The ss^nosteosis between 
the cartilaginous epiphyses and the diaphysial end appears 
as a very marked line, indicating the abundance of calcareous 
salts deposited there. Gunimata show regular light shaded foci. 
Their disappearance after the administration of iodid of potash 
confirms the diagnosis. 

145. Osseous Cj-st, — Osseous cyst, showing the same 
clinical signs as osteosarcoma, may easily be confounded with 
it. But in OBBeous cyst, while there is the same bulging as 
in osteosarcoma, the line of the cortex, on account of its 
thinness, appears narrow, but well marked and r^ular. The 
fluid center of osseous cyst renders the skiagraph translucent, 
the light shade showing the same regularity. The adjacent 
epiphyses are also normal in osseous cyst^. The treatment of 
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these variouB affections being difierent, the importance of a 
correct diagnoBis is evident. 

Osteomyelitie, necrosis, tuberculosis, syphilis, and osseous 
cyst demand conservative measures, while sarcoma calls for 
the most radical treatment. 

The grave prognosis of sarcoma arms the surgeon against 
any feeling of sentimentality. Under such fatal circnmBtances 
he may not shrink from advising one of the most mutilating 
operations, because he knows that otherwise not only a limb, 
but also life will surely he lost. 

On the other hand, how painful must it be for a surgeon 
to find that because of his error of diagnosis such radical steps 
have been taken unnecessarily; that, in other words, an extrem- 
ity may have been amputated where only an osseous cyst 
existed, which could have been cured by simple incision. 

It is indeed not very difficult to confound the two diseases. 
As emphasized in Art IST, osseous cysts resemble osteosar- 
coma in its slow, painless onset, often preceded by an injury; 
in the gradual bulging of the area involved; and in its 
preference for youthful age and the long bones. These being 
characteristic features of osteosarcoma, as well as of osseous 
cyst, it is evident that the differential diagnosis cannot be made 
by considering the history, nor by inspection, nor fay palpation. 

The fact that the interior of an osseous cyst is filled with 
opaque bloody serum and that its walls are lined with a smooth 
coat, while in osteosarcoma solid masses are formed, indicates 
that an exploratory incision combined with microscopical 
examination would clear the question of diagnosis. 

But the Roentgen rays give us more valuable information 
than the exploratory incision itself, and for the patient a 
Roentgen ray exposure is certainly more agreeable than an 
exploratory incision. Should an operation be decided upon, 
the microscopic examination can then be made. 

At the early stage, osseous cysts, be they at the tibia or at 
the femur, are easily overlooked, the symptoois being insignifi- 
cant. Sometimes there is a very slight pain that comes and 
goes. The joints are freely movable, and neither inspection 
nor palpation reveals any abnormality. After several months 
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have elapsed, the circumference of the extremity may appear 
very slightly enlarge*!, but it may not be before a fall on the 
thin shells of the cortex has produced a fracture that the 
symptoms are fully appreciated. 

146. Osteoma. — Other osseoua dieeaees, like osteoma, 
osteomalacia, and chondroma, also offer some skiagraphic pecu- 
liarities in proportion to their various t«xtures. Osteoma, of 
course, shows the shape of the osseous deformity, but there is 
a normal architectonic structure. 

147. Osteomalacia. — On account of the dissolution of 
the calcareous aalt«, oateomalacia is distinguished by the absence 
of an osseous shade. In contradistinction to osteosarcoma the 
whole bone appears translucent. In chondronia there is a regular 
light shaded area according to its cartilaginous character. 

148. Acroiue^raly. — In acromegaly the phalanges of the 
head are broader than normal and show no osteophytes, while 
their epiphysial ends are thickened. The long bones appear 
straighter and broader than normal. Some of the carpal as 
well as of the tarsal bones are distinguished by the presence 
of exostoses. 

149. In myxedema the epiphysial lines of the long bones 
show premature synosteosls. 

150. In gyringomyeliu the epiphyses of the long bone (ire 
hypertrophied and show rich osseous proliferations, which, 
however, contain but tew calcareous salts. 

] 5 1 . The changes in rachitis on account of the absence of 
calcareous deposits are characteristic. They resemble those of 
osteomalacia, from which rachitis is distinguished by the irregu- 
lar arrangement of interspersed osseous structures as well as 
■ by the deformed shape of the bones. 

1 52. In cretinimn similar conditions are found, the epiphj'ses 
Iwing nearly invisible white Ihe diaphyses only show distinctly. 

153. Raynaud's Dlwense. — A peculiar condition of the 
bones was discovered in Raynaud's disease. A woman of 40 
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years, who had been well until 14 years ago, noticed a slight 
pain in the index finger of the left hand. At the same time 
she noticed a marked pallor of the whole linger. Four months 
after the sudden onset of the pain repeated congestion was 
ohserved in the region of the second and third phalanges of the 
same finger, which continued until about 6 months after the 
onset of the first symptoms, the tip of the finger becoming dry 
and black. Amputation was then performed. The patient 
regained and kept her health until 6 months ago, when the same 
pain and pallor extended symmetrically over both hands. 

When the patient was seen for the first time a great pallor 
of the third, fourth, and fifth fingers of the left hand and of the 
little finger of the right hand was noticed. The second, third, 
and fourth right-hand fingers were moderately anemic. Some- 
times the color changed into a cyanoaed appearance. 

Both hands were very cold, juat like true gangrene. No other 
parte of the body were affected. There was no fever. The 
examination of the urine was negative. The patient did not 
seem to be hysterical, but apparently suffered intense pain 
sometimes. 

The skiagraph showed atrophy of the upper end of the third 
phalanges (second phalanges of the thumbs) and osseous prolif- 
eration at the upper end of all second phalanges (first of 
thumbs). The third phalanges appeared triangular and 
resembled claws. 

A similar condition was found in a feeble man, age 30 years, 
who, at the present time, has fully recovered. The onset took 
place in the toes of his right foot, gangrene of the whole foot 
becoming complete 2 months afterwards, so that Syme's ampu- 
tation was performed. Skiagraphs taken of the foot before and 
after operation showed nothing abnormal. But 1 year later the 
disease commenced in both hands to a moderate d^ree. The 
fingers were covered with cold sweat and red and blue patches 
sometimes. The tip of the left index finger together with the 
upper end of the third phalanx became gangrenous. The 
patient was treated with arsenic and local gentle massage. 
The nutrition of the bone is much more disturbed by this 
sphynx-like vasomotor lesion, than is assumed. It would be 
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well worth while to study these phenomena more extensively. 
The skiagmphic characteristics described, however, are not 
expected to serve as substitutes for our well-tested clinical 
methods of diagnosis, but should be r^arded as a valuable 
adjunct in general, and sometimes as a determining factor in 
doubtful cases. 

THERAPEUTIC VALUE OF ROENTGEN 
RAYS.* 

154. Soon after the utilization of Roentgen's discovery 
reports of extensive dermatitis and gangrene of the int^ument 
were published, which disturbed the public mind in a deplor- 
able and unjustifiable manner. But, especially since the time 
of exposure is now so much shorter than during the earlier 
stages of the art, the possibility of originating skin irritation is 
extremely small. 

It is undeniable that a peculiar trophoneurotic idiosyncrasy 
exists in a few individuals, but in the great majority of known 
cases the burns of the skin were caused by the lack of knowl- 
edge of the unskilful operator, the tube often being too near the 
subject, or by too prolonged and too often repeated exposures. 
Such accidents are not surprising, so long as laymen, such as 
opUcians and instrument makers, who understand nothing of 
the anatomy and physiology of the skin, are entrusted with the 
"manufacture of skiagraphs." 

155. The question of proper dosage must be perfectly 
understood by the operator. A person, for instance, that 
irradiates a patient suffering from some skin affection every 
day intensely for a whole hour, irrespective of the reaction 
following such a radical procedure, so that gangrene occurs, 
has just as little business to do skiagraphic work as a shoe- 
maker has to prescribe morphin. 

Since February, 1896, we have made nearly 4,000 skia- 
graphs, and have never observed the slightest irritation of 
the skin in any case in which the rays were used for diagnostic 

■See also Therapeutics of Eoeotgen Raya in EUctricity in Surgeri/. 
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purposes, except lately when we experimented with very power- 
ful tubes. A very stout man, who after having suffered from 
pyothorax for more than 2 years and who still presented an 
open cavity, was Irradiated for the purpose of determining the 
extent of rih-retectioa performed previously. The pleurte had 
become very much thickened, which explained the difficulty 
of penetration. Nine exposures had to be made in short suc- 
cession until a satisfactory plate was obtained. One week 
after the last exposure dermatitis of the irradiated area set in, 
from which the patient did not seem to sufler much. In fact, 
he took the itching sensation felt as one of the many 
annoyances of regular wound treatment. The therapy con- 
sisted in the application of boro-salioylic solution during 
the acute stage, which lasted 5 days. When the epidermis 
began to peai off, dermatol was dusted on the surface. 
Recovery was perfect after 3 weeks. The scar is still notice- 
able, after 3 months. 

With the ordinary tubes two cases of circumscribed depilsr 
tion were observed. In both patients the skull had to be 
skiagraphed frequently and at short intervals. In one case 
depilation began after the iifth, and the other after the sixth, 
exposure, and in both instances the hair was perfectly restored 
3 weeks afterwards. 

Changes in the pigmentation of the integument or in the 
growth of the finger nails, congestion, inflammation, and 
necrosis of the skin are reported. While experimenting with 
the powerful tubes, which were responsibie for the dermatitis 
described, we observed cessation of perspiration on the dorsal 
surfaces of our hands, so that we had to stop work entirely tor 
several weeks, when normal conditions were restored again. 

To protect the operator it has been advised to use the 
patient's hands for ascertaining what degree of translucency 
is shown by the tube. But while this is no doubt the simplest 
way of self -protection, it is not in accord with the principles 
and the spirit of the noblest of all professions. 

We have suggested the wearing of gloves lined with tin-foil 
during examination, the hands to be used alternately for ascer- 
taining the degree of translucency. The fluoroscope recently 
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deviHed by Levy-Dom also protects the hands ot the operator 
to some extent and can be recommended for that purpose. 

Excessive irradiation endangers the hand of the operator. 
One of the most promising German investigators burned bis 
hands to such an extent that, iirst, amputation of the index 
finger and, later on, of the arm was necessary. The victim of 
science being of poor health at the time, his death from the 
shock of the operation is explained easily. 

156. It was not more than natural that these properties of 
the raya were soon utilized for therapeutic purposes. Cases of 
hypertrichosis, or nievus vasculosus, of all the various types 
of eczema, psoriasis, and sycosis, have been reported as cured 
by the rays. There can also be no doubt that parasitic skin 
diseases such as lupus vulgaris and erythem'a yield to the 
rays. Sycosis parasitica as well as non-parasitica and favus 
have been cured after one exposure. 

In a case of sycosis parasitica that had existed for 6 years 
and had resisted the usual methods of treatment, a perfect cure 
was obtained after an exposure that lasted 7 minutes only. 

Id a case ot lupus of the inguinal region, a perfect result was 
obtained. After the sixth exposure, inHammation of the lupus 
area b^an and the nodules shelled out, together with the 
destroyed tissue. In their place a light red ulcus remained 
that bled at the slightest touch and which did not cicatrize 
until 9 months after the last exposure. In such cases trans- 
plantation is generally indicated. It goes without saying that 
this mode of treatment, while most effective, is very annoying 
to the patient, whose gratitude to the physician is somewhat 
restricted on that account, even after perfect recovery. 

In some of the caaes reported the nodules did not shell out, 
but shraok, presenting the appearance of having been painted 
with varnish. 

157. A great deal, however, can be done to limit the ill 
consequences of the irradiation treatment of skin diseases, 
which should not be resorted to unless all other therapeutic 
measures have been exhausted. I'nder proper precautions the 
ill effects of the rays can be avoided. In the first place, the 
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healthy parta in the vicinity of the diseaaed area should be pro- 
tected by sheets of tin-toil. Then the patient's subjective con- 
dition should be carefully watched. As soon as there is a 
slight burning sensation or itching within the irradiated sphere, 
further exposures must be stopped. 

158. For therapeutic purposes the tube should he as near 
the diseased area as possible, and the time of the first exposure 
should not be longer than 10 minutes. Later on, if no reaction 
occurs, the irradiation may be kept up for from 20 to 30 
minutes. In lupus, aa many as fifty exposures may be neces- 
sary to destroy the nodules. In obstinate cases exposure* may 
be made daily. 

During the intervals the diseased area should be powdered 
with amylin or dermatol. In the event of relapse, the same 
treatment must be commenced again. 

It is neceesarj' to individuahze, just as in other therapeutic 
indications. Some individuals show signs of irritation after a 
few exposures, and others do not react until after frequently 
repeated and intense irradiations. 

At first these remarkable results were explained on the 
theory of bactericidal influence of tlie rays. But it seems 
that their effect is of a decidedly electrochemical character, the 
congestion caused by the irradiation being mainly responsible, 
just like the artificial hyperemia in tuberculosis. In disturbed 
nutrition of the skin the inflammatory reaction produced by 
the rays sets up an alteration in the circulation of the affected 
spheres. 

159. Bacteriologic experiments have shown that the rays, 
applied directly after inoculation with anthrax bacilH as 
well as with streptococci and staphlococci, had no effect. 
But pure cultures of cholera, typhus, and diphtheria died after 
an exposure of 48 minutes to intense radiation. It seems that 
various bacteria react differently, according to the quality of 
the plasma and the degree of the fluid they contain. 

160. The good results obtained recently in the treatment 
of epithelioma induced us to try irradiation in sarcoma. The 
patient, a strongly built cooper of 36 years, remembers that 
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ever since 15 years he observed a small black speck (mole?) at 
the r^on of his external malleolus. About 1 year ago it 
assumed the appearance of a common verruca. A continuous 
increase in size was observed then. In November, 1900, the 
"verruca" became sensitive and the surface began to excoriate. 
Carbolic acid baths were now prescribed by the patient himself 
and faithfullyused.untilabout Christmas the growth had reached 
the size of an apple. It was not until then that the patient 
became afraid and consulted his family physician, who referred 
him to the St. Mark's Hospital. 

On December 24, 1900, he was found in the following con- 
dition : The strongly built patient showed a healthy appearance. 
He admitted being a potator. The family history was good. 
At the region of his left external malleolus a tumor of the size 
of an apple was noticeable. Its consistency was moderately 
bard, its surface of a smoky gray color, and seemed to have origin- 
ated from the confluence of a number of small warts. It could 
not be dislodged from its base. The inguinal region contained 
a gland of the size of a walnut. 

At first the diagnosis lymphosarcoma was made and amputa- 
tion was proposed, but the patient refused to submit to it. 
His family also being adverse to such radical steps, we con- 
tented ourselves with extirpation of the tumor and of the 
inguinal gland. The apparently healthy periosteum of the 
exteme malleolus was removed together with the neoplasm. 
Recovery being perfect in a few days, the patient left the 
hospital. 

Microscopical examination of the growth revealed the pres- 
ence of pigment that proved that we had to deal with melano- 
sarcoma, the moet malignant type of sarcoma. The patient 
returned to the hospital 6 weeks afterwards. The same tumor 
showed at the outer malleolus again, but it was somewhat 
broader and flattened. Its margin was encircled by a few 
bluish-black nodules of the size of a pea, which could be com- 
pared with hemorrhoidal nodules. A glandular convolution of 
the size of a goose egg had developed in the inguinal region 
in the meanwhile. Extirpation was performed again. The 
patient withdrew from treatment 2 weeks afterwards, his excuse 



itizecy Google 



00 PRACTICAL APPLICATIONS § 15 

being that he felt perfectly well again. Four weeks thereafter 
he presented himself again with a relapse. This time there 
were about 30 dark bluish-black grape-like nodules of various 
sizes. The larger nodules bled easily on touch. The inguinal 
region showed a tumor of the size of the head of a new bom 
child. At the inner surface of the leg, especially alongside the 
inner border line of the calf, several dozens of nodules had 
originated that closely resembled those of the tumor itself. 
Their size varied between that of a head of a pin and a cherry. 
Extirpation was done once more. The microscopical examin- 
ation of the removed portions showed the alveolar character 
and deposits of pigment in the large cell-nests as well as in the 
small cells of the supporting tissue. One of the specimens 
was colorized with hematoxylin and esin and a second with 
van Giesons' fluid. 

The patient would not have submitted to amputation, but 
regarding the metastasis in the inguinal region, the prospects of 
such an operation at this late stage would not have been 
promising. Serum- treatment was now considered first 
Although we had never experienced any benefit in a fairly large 
number of malignant cases, still we regarded its use justifiable 
in such desperate cases. But at the same time the thoughtof 
Roentgen therapy suggested itself to us. The excellent results 
obtained in lupus and other skin affections by Albers- 
Schoenberg, Hahn, Schiff, Freund, Ziemaeen, Kiimmell, 
Muehsam, Holland, Schenkel, Jutassy, and Neisser, could also 
be corroborated by us (see Irrtuemer der Roentgenographie, 
Deutsche Medicinalzeitung, 600, No. 51, and Fractures, With an 
Appendix on the Practical Use of the Roentgen Rays, Phila- 
delphia, 1900). In epithelioma of the lower eyelid and of the 
cheek we obtained a perfect result after a few exposures only. 
Without entertaining audacious hopes we began to irradiate the 
defect left after the last extirpation. The time of exposure 
was at first 10, then 20 and 30, and at last 45 minutes. When 
the exposure lasted 45 minutes the patient felt an itching sen- 
sation over the whole leg, which lasted for several hours. 
Irradiation was done 7 times. At the end of 6 weeks not 
only was there no trace of a 'elapse, but a number of the 
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metastatic nodules of the calf, especially those near the area 
of the irradiation, had disappeared; some others had shrunk. 

The inguinal tumor became lai^r during the time of this 
treatment. It is our intention to remove it again and to irra- 
diate the wound area left as soon as there is a possibility. 

As mentioned before we are far from indulging in adven- 
turous hopes. But such experiments are justifiable in so 
desperate a case, even if they should be without any result 
But the fact cannot be denied that in great contrast to the 
former course after preceding extirpations, no relapse was 
observed, and what is still more interesting, well developed 
sarcomatous tissue shrank and cicatmed. This proves the 
influence of the rays beyond doubt. How far this influence 
goes, however, is not demonstrated by this observation and 
further experiments have to clear that up. 

161. We venture to call attention to the fact that since 
Heidenhain proved the existence of carcinoma cells below the 
fascia in carcinoma mamma;, surgery has drawn the practical 
concluBion that the pectoralis major muscle — or at least its 
superficial stratum — must be removed, since no surgeon at the 
present time would expect recovery from the mere extirpation of 
those cancerous portions that are microscopically visible. 

If the carcinoma cells have advanced so far that they have 
ceased to be accessible to the scalpel, speedy relapse can surely 
be expected. Now, if we had a means that wohld, after 
thorough removal, penetrate the deeper strata so that those 
carcinoma cells that are situated beyond the reach of the knife 
would still be attacked by it, and perhaps destroyed, or at least 
arrested in their further development, the question of the 
therapy of cancer would be solved. 

It the parasitic nature of carcinoma will be proved some day, 
the effect of an antiparasitic medium can be easily understood. 
The Roentgen rays possess antiparasitic properties to a certain 
extent. Their therapeutic significance is still sphynx-like. 
But it can safely be maintained that their effect is sui generis 
and cannot be comparetl with that of Paquelin's cautery or of 
the obligate mustard plaster. 
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Th«8e viewB mfty, it seems to ub, be applied to the sarcoma 
question. The danger ot burning the patient is not small under 
such powerful treatment. While experimenting, other parts of 
the body must be protected with tin-foil and the operator him- 
self should wear gloves lined with tin-foil. The danger of 
Roentgen ray dermatitis, however, should not have great weight 
in a malignant case. For the poor therapeutic results reported 
by some investigators the fear of using a strong current may be 
held responsible. If a strong effect is desired, intense irradiation 
must naturally be used. The patient, of course, should be 
informed about the risk. 

In revising this report 3 weeks after the demonstration, the 
defect at the outer aspect of the malleolus was perfectly 
cicatrized. After 9 weeks no relapse had been observed. 
The inguinal tumor was removed on the day after the demonstra- 
tion, as intended, and now the inguinal area is also irradiated. 
The disease had reached a stage in which final recovery can 
hardly be expected, and it is to be regretted that the thought of 
Roentgentherapy did not suggest itself at an earlier period. 
Further reports on the fate ot the patient are reserved. 



FAISE INTERPRETATIONS OF THE 
ROENTGEN RAYS. 

IT8 MEDICOLEGAI. ASPECTS. 

162. The ease with which some of the small bones of the 
human body can be reproduced by the rays on a photographic 
plate led many medical novices, and even laymen, to the 
indiscriminate use, or rather abuse, of the new discovery. It 
is little wonder that the results of such an abuse of the rays 
were soon heralded and misapplied by officious friends, incon- 
siderate confreres, and last, but not least, by certain members 
of the l^al profession. 

In order to avoid errors, it should never be foi^otten that a 
so-called Roentgen ray picture is by no means an ordinary 
photograph of an object, hut only a silhouette (eki^raph), 
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that b, a photograph of ite shadow. To interpret Buch shadows 
properly, a thorough knowledge is required of the normal ana- 
tomical relations of the tissues, especially of the bones that 
produce such shadows. As the most minute gradation of 
density is registered, it is important to be thoroughly acquainted 
with the anatomical relations of the bones producing the 
doubtful shadow. The question, then, will be whether the 
supposed shadow is normal or not. On certain portions of 
the skeleton the muscles and tendons will naturally cause 
obscure shadows. The carpus is especially prone to pro- 
duce such errors in the skiagraph; the tuberosities of the trape- 
zium, the scaphoid, the hamulus ossis hamati, the os pisiforme, 
and the eminenti£e carpi volaris, radialis, and ulnaris double 
up the thickness of the carpus, thereby causing dark shadows 
that might be mistaken for foreign bodies. Similar considera- 
tions and similar cautions apply to other diagnostic opportuni- 
ties offered by the rays. 

163. Projection Plane. — If a skiagraph of the human 
hand, for instance, is taken, the plate will show the least light 
where the bones rest, while the soft tissues appear opaque. There 
is also a difference of opacity according to the thickness of the 
tissues, their blood-supply, and their air capacity. The foot, 
while easily skiagraphed in the direction of the dorsum toward the 
pl&nta pedis, from the toes to the upper third of the metatarsus, 
presents an obstacle farther backward in the first and third cunei- 
form bones and the scaphoid, so that it is necessary, also, to skia- 
graph the foot on these portions transversely by having the outer 
surface rest on the support. It is by this procedure only that 
the isolated shadows of the astragalus, the calcaneum, the os 
cuboidum, the scaphoid, and the fourth and fifth metatarsal bones 
can be distinctly outlined, so that false interpretations may be 
excluded. In the early era of the Roentgen rays, the normal 
sesamoids were, also, sometimes incorrectly interpreted. 

How important the knowledge of minute anatomic details 
is, especially of non-pathological abnormalities, will be evident 
from the fact that the os intermedium cruris (os trigonum tat^i) 
has been mistaken for a fragnienl severed from the astragalus. 
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1 64. It should also be borne in mind that the significance 
of a skiagraph for the purpose of estimating the degree of 
fitnaiondl disohUity is not always conclusive, A skiagraph 
may show a considerable degree of bony deformity after a 
fracture, and still the function may hardly be disturbed. 
Skiagrapbic test has shown that, as a whole, even our best 
functional results do not always show ideal union. An 
unscrupulous patient that secures possession of a skiagraph 
of his own case, which shows considerable deformity, may, 
although there is no functional disturbance, strongly appeal 
to a jury on the strength of his skiagraph, if he succeeds in 
simulating great impairment. On the other hand, there may 
be but little evidence of hone injury on the skiagraph, but 
there may be severe impairment of function on account of 
the injury of the soft tissues (circulatory, trophic, or inflamma- 
tory disturbances) that can be rflpresented only faintly, if at 
all. ' This shows the necessity of considering all the clinical 
symptoms in connection with the skiagraph. 

165. While it is easy even for a layman to understand 
the significance of most skiagraphs, there are, as has been 
mentioned, injuries, the correct interpretation of which pre- 
supposes, besides thorough anatomic knowledge, the greatest 
care and a vast amount of experience as to the different modes 
of delineation in various projection planes. 

The greatest diagnostic difficulties are offered by the joints. 
The more complicated the joint is, the more complicated, 
naturally, will the skiagraphs of its various positions appear. 
It is especially the elhow-joint and hi])-joint that are kept Jn 
view. First of all, the interpretation of the displacement 
caused by supracondylar fracture of the humerus and the 
deformities resulting from it later on may tax the power of 
discrimination considerably. The older the fracture, the less 
conspicuous the fracture line will appear. In old fractures the 
lines cannot be represented as siuh, and it is only in the 
case of a union in a displaced position that its features can 
be guessed. In the case of a woman, age 70 years, for instance, 
a second skiagraph taken 5 years after a supramalleolar fracture 
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was eustained showed essentially the same features as the first, 
which had been taken 4 weeka after the injury, becanee of the 
marked displacement of the fragments. 

166. In case of the entire absence of displacement, it is 
only a very distinct skiagraph that shows the line clearly. It 
is natural that in such cases there is no skiagraphic evidence 
after recovery — that is, in 4 to 10 weeks, according to the type 
of the fracture. Should a court, for instance, doubt, in such 
an event, that there had been a fracture, the skiagraph taken 
after such a period might show a negative result, although 
there surely was a fracture. In some ca^es, as stated before, 
a very distinct skiagraph, taken only 2 months after a well- 
proved fracture, showed no signs of it. Had such a case not 
been skiagraphed shortly after the injury no evidence of the 
fracture could have been subsequently obtained. When no 
displacement exists, only a faint fracture line will show, but 
the presence even of a small amount of callus leaves no doubt 
as to the previous existence of a fracture. 

Oo the other hand, callus formation may under extraordinary 
circumstances be so abundant that, in spite of the absence of 
displacement, the fullest evidence of fracture may still be 
fumisbed after months have elapsed. In one case callus 
formation was so excessive that the attending physician was 
accused of malpractice, and it was only the skiagraph that con- 
vinced the patient that his physician had treated him correctly, 
the bones being in perfect apposition, and thus exonerated the 
practitioner. 

167. The intra- articular type of fracture offers the greatest 
diagnostic difficulties, inasmuch as the fracture line is often 
obscured by the callus formation. If, however, a skiagraph of 
the other joint is made at the same time, in the same position, 
and in the same projection, the various delineations of the 
shadows will be correctly understood and interpreted. 

168. A normal skeleton should also be compared with the 
skiagraph. It should be particularly remembered that certain 
patholt^c conditions, such as rachitis, for instance, influence 
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the outlines of the bones and may deceptively be supposed to 
represent a portion of the injury. In such an event a skiagraph 
of the fellow extremity will set matters right. In very young 
children the erainentia capitata appears as if entirely severed 
from the humerus, although the relations are absolutely nor- 
mal. The explanation of this very important phenomenon is 
that the epiphysial tissues are not sufficiently ossiBed to produce 
a shadow on the plate. It these pointe are not thoroughly con- 
sidered a displaced fragment of a fracture might cause an erro- 
neous diagnosis. Union between the epiphysis and diaphysis 
of the head of the humerus is not perfect before the twentieth 
year. The lower epiphysis of the humerus consists of four nuclei 
that ossify between the eighth and seventeenth years. The epi- 
physis of the trochlea as well as of the olecranon ossify between 
the seventh and twelfth years, which explains why an osseous 
nucleus that is still connected with its neighboring epiphysial 
nuclei and the diaphysis by cartilaginous tissue appears as an 
isolated piece of bone which might erroneously be mistaken for 
a fragment. The acromioclavicular junction sometimes shows 
in the skiagraph a hiatus of the width of a finger so that a dias- 
tasis of the joint may be assumed (see Plate XXVI). But since 
our knowledge of this new subject has increased, we know that 
this apparent diastasis is by no means pathological and that 
there is a normal gap between the osseous ends of the acromion 
and the acromial end of the clavicle. The upper epiphysis and 
the diaphysis of the radius unite between the seventeenth and 
the eighteenth year. During the early work with Roentgen 
rays the translucent space above the epiphysial cartilage in 
children was erroneously taken for a fracture line. The head of 
the femur unites with the diaphysis at the eighteenth year, 
and the lower epiphysis follows after the twentieth year. The 
upper epiphysis of the tibia unites with the diaphysis in the 
twentieth or twenty-second year, while the lower tibial epiph- 
ysis unites with the diaphysis between the eighteenth and 
nineteenth years. 

169. For the thorough interpretation of skiagraphs in 
children, it is important to know that at birth the diaphyses 
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of the radius and ulna are ossified, while their epiph7Sea as 
well as the whole carpus are etill cartilaginouB. It is not 
before the seventh year that an osseous nucleus shows at the 
lower epiphysis of the ulna. Union with the diaphysis some- 
times b^ns with the twelfth year, but as a rule not before 
the fifteenth. Even then a small epiphysial disk remains, 
which does not disappear before the seventeenth year in the 
female and not before the nineteenth year in the male. 

The osseous nuclei of the carpus show at different periods, 
viz., at the os capitatum at the fourth month; at the hamatum 
at the fifth month; while the triquetrum shows ito nucleus 
between the second and third yeare, the lunatum between the 
third and fifth, the naviculare between the fifth and the 
seventh, the trapezium and the trapezoid between the eleventh 
and the fifteenth year. After 5 years the capitatum, hama- 
tum, and triquetram have assumed their regular shapes, while 
the others, with the exception of the pisiform, are perfectly 
developed at the twelfth year. 

The osseous nuclei of tlie epiphyses of the metacarpal bones 
show at the second year, their synosteosis with the diaphysis 
taking place between the twelfth and seventeenth yeans in the 
female and at the age of nineteen in the male. The epiphysial 
nuclei of the phalanges are ossified between the fourth and 
fifth years, their synosteosis with the diaphysis taking place 
at the same age as that of the metacarpal bones (from the 
twelfth to the seventeenth year in the female and between 
the sixteenth and nineteenth years in the male). 

170. Regarding the elbow-joint, it must be considered that 
an osseous nucleus appears at the medial side of the capitulum 
humeri between the second and third years, another one in the 
internal epicondyle at the fifth year, a third in the trochlea 
between the eleventh and the twelfth year, and soon afterwards 
a fourth in the external epicondyle. The nucleus of the internal 
epicondyle unites with the diaphysis between the sixteenth and 
the twentieth year; but the other three nuclei form a synosteosis 
among themselves at the seventeenth year and then form the 
uniform oeseous epiphysis, which completes iUi synosteosis with 
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the diaphysia at about the twentieth year. In the capituluni 
radii an oBseous nucleus appears between the &fth and seventh 
years, and in the olecranon between the sixth and eighth years, 
both uniting with the diaphysis between the twentieth and 
twenty-fifth and between the sixteenth and twentieth years. 

171. Regarding the knee-joint, it must be considered that 
the lower femoral epiphysis contains an osseous nucleus at birth, 
while the nucleus in the tibial epiphysis shows shortly after- 
wards. At the fourth year both these epiphyses have completed 
their development, but they do not unite with the diaphysis 
before the fifteenth year. Textbooks on anatomy say that 
union takes place between the seventeenth and the twenty- 
fourth year, but skiagraphic experience points to an average 
period of only sixteen. The osseous epiphysia] nucleus of the 
fibula appears between the second and the fifth year and 
unites with the diaphysis between the eighteenth and the 
twenty-fifth year; but skiagraphy dates this period earlier, viz., 
the fifteenth year. The osseous nucleus in the tibial spine 
appears between the eighth and the tenth year; the epiphysial 
line between it and the diaphysis disappears at the fifteenth 
year. 

172. As to the bones of the foot, it may be said that the 
lower epiphyses of the tibia and fibula show their osseous nuclei 
in the first and second years and unite with the diaphysis 
between the eighteenth and the twenty-fifth year; according to 
skiagraphs, as early aa before the eighteenth year. The osseous 
nucleus of the astragalus and calcaneum appears in utero, that 
of the cuboid shortly before or after birth, that of the cuneiform 
bones between the first and the fifth year, and that of the os 
naviculare from the first to the fifth year. The osseous nuclei 
of the metatarsal bones and of the diaphysis between the six- 
teenth and the twenty-second year. 

173. In elbow-joint fractures occurring in childhood it is 
necessary therefore to take at least two skiagraphs in different 
projection planes and to compare them thoroughly with the 
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normai (ellow. In a case of a fracture of the femoral head, 
for instance, the deformity had appeared three times as large a» 
it actualiy was, on account of inappropriate projection. The 
d^ree of shortening of the limb was overestimated accordingly. 
This shows the necessity of considering the clinical symptoms 
and data in connection with the skiagraph. 

In fractures of childhood it should also be remembered that 
the process of ossification is influenced by various affections of 
the bone, as for instance, by rickets. 

174. The importance of the question of projection becomes 
evident when we consider that grave errors may sometimes occur 
even it all preliminary conditions required for a thorough under- 
standing of the case seem to be fuMlled. This will appear from 
the experience given of the fracture of the tibia. Art. 84. 
If that case had been brought before a jury the expert might 
there, on the strength of the first skiagraph, have testified in 
good faith that there was no fracture. 

As emphasized previously, this experience teaches the neces- 
sity of adopting the principle of always taking at least two 
skiagraphs in two different positions in all cases of suspected 
fracture. 

175. In taking skiagraphs of foreign bodies it must be con- 
sidered that their size varies according to the distance from the 
tube. In oblong bodies great errors as to their extent may be 
committed. Once we were very much surprised in a case where 
a fragment of a needle had entered the palm of the hand 
in a perpendicular direction. The plate, while indicating the 
presence of the needle, distinctly created the impression that 
the fragment was only about 2 millimeters in length. When 
extracted it was found to be more than an inch long, the rays 
having reached the hand in a perpendicular direction so that 
the circumference of the fragment was reproduced rather than 
its length. A side view, of course, would have cleared up the 
error at once. 

176. Mi8int«rpretations have also arisen from unavoid- 
able mechanical and chemical defects causing markings 
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in the photographic plate, the significance of which must be 
well known to the ekiagmphic interpreter. Blemishes may 
also be produced by spots caused by pus from wounds or by 
perspiration. 

In the location of foreign bodies, especially in the skull, many 
errors were and are still committed. 

For malingerers the Roentgen rays may prove to be, for a 
time, a protection on account of erroneous interpretation, but 
they will be shown in their true light when assisted by better 
anatomical knowledge. ' 

177. Soon after the discovery of the Roentgen raj'S the 
courts were in a position to grant damages to patients, especially 
veteran soldiers, who claimed to have been damaged by bullets 
and were unjustly rejected by medical experts as malingerers. 
The presence of a bullet, shown on the photographic plate, 
cannot be denied, and a patient that harbors a piece of cold 
metal in any part of his body has, as a rule, a good reason to 
complain. On the other hand, an impostor who pretends to 
have been shot and simulates functional disability will be 
exposed by a distinct skiagraph, which would show the absence 
of the allied bullet. 

It is still an open question whether the court has a right to 
censure a surgeon for not having used the Roentgen rays in a 
suitable case, and, furthermore, whether it can compel a patient 
in a doubtful bullet or fracture case to submit to an exposure 
by the rays. 

1 78. A distinct skiagraphic plate will always tell the truth. 
If accompanied by r^istration of the details of operation, viz., 
the source of the current (whether battery, static- machine, or 
street), the length of spark of the induction-coil, the intensity 
of the tube, the distance of the platinum disk of the tube from 
the photographic plate, the position of the object, the kind of 
plates, and the time of exposure, it will be a valid document 
intelligible to every expert. And together with the anatomic 
and chnical knowledge of the expert it should be evidenre 
in court. 
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ROENTGEN BAYS EN DENTISTRY. 

(Extract FROM EUdritUy in DenliMry, by Levitt E. Cibtkb, B. S., D. D,8.) 

179. The Roentgen raye have no more fitting application 
than in dentistry. In medicine and surgery their use as an aid 
in locating foreign bodies has never been questioned, in diag- 
nosing fractures and dislocations, and in detecting the presence 
of calculi and pus cavities and even the abnormalities of some 
of the softer tissues whose density differs but little from that 
with which they are surrounded. The Roentgen rays are 
also of value in some of the arts, and as the appliances are 
being perfected and new uses are found for it, its applications 
are still broadening. The most valuable field, however, will 
always be in medicine, surgery, and dentistry. 

180. While the use of the Roentgen rays in dentistry is 
not usually in cases in which it is a matter of life and death, as 
is frequently the case in surgery, its more frequent use will give 
it a value of a high order. Its dental applications, while con- 
fined to a comparatively small portion of the body, are of 
rather wide range and will require just as much skill on the 
part of the operator as in work on the thicker tissues. For 
instance, the dentist must be able to so manipulate his tube and 
appliance as to differentiate between the roots of the teeth and 
the bone that surrounds them, a feat equal to any accomplished 
by the physician. Or, on the other hand, he may have sim- 
ply the location of a broken broach or a pus cavity, which is 
comparatively easy. The moat frequent dental uses of the 
Roentgen rays are for locating unerupted teeth, for ascertaining 
their position and the shape of their roots, for diagnosing frac- 
tures of the jaw, for locating foreign objects such as a broken 
broach, for determining the depth of rout filling, the extent of 
an abscess, or the proportions of the antrum. 

181. The successful use of the Roentgen rays requires a 
somewhat formidable array of appliances, and the manipulation 
of them calls for one that is accustomed to mechanical details. 
To this extent the dentist is very well fitted at the very outset 
hy the nature of his mechanical and digital acquirements. 
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Inetruments and inetrumentatioD are his daily company and 
his occupation. Moreover, Roentgen ray work being an electric 
process, the majority of dentists are to a large extent familiar 
with the fundamental electrical requirements and are already 
equipped with many applian^ea that may be used in the work. 
All things being considered, at the present State of perfection of 
Roen^en ray appliances, the dentist will obtain the most satis- 
factory results from the Rhumkorff coil. It is also recom- 
mended that he procure one large enough for general work. 
The city dentist, who is in touch with the general physician or 
with some established Roentgen ray laboratory, will be most 
practically profited by the use of an 8-inch or 10-inch coil; 
but if he expects to derive the most pleasure and benefit from 
the work he should get a 12-inch or 15-inch coil, for then he 
will be able to manage all parts of the body. For the country 
dentist the larger coil is especially recommended, for the 
reason that the electrical part of his dental office appliancea 
will already form a lai^ part of his equipment, and many 
physicians will prefer to avail themselves of its use than to take 
up the work themselves. 

182. It is customary in taking a skiagraph to use a plate 

for large subjects and a film for the smaller. For dental opera- 
tions the film has especial advantages — it is cheap, convenient 
to handle, easy to prepare, and is flexible. A cartridge of a 
1^-inch film, such as is used in the Brownie camera, will be 
found to be the most economical, and this can be had at all 
photographic supply houses. The width of this film is the 
most convenient; the average dental case can be taken upon a 
square cut from the end, and if the case calls for a larger ptece^ 
it is only necessary to cut off an oblong piece sufficient for the 
case and place the strip lengthwise. 

The plates to he used for latter subjects may be found upon 
the market. When necessiiry, ordinary photographic plates 
may be used for Roentgen ray work with splendid results, but 
plates especially prepared for Roentgen ray pictures, such as the 
Cramer or the Carbutt, are to be found. These plates arc 
supplied either in or with light-proof envelopes. We have 
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found .that the Crainer Crown brand of plates gives the beet 
results, almost as good as those plates that are especially 
prepared for Roentgen ray work. 

183. The next step is the providing of a light-proof and, 
to a certain extent, moisture-proof' covering for the film. It 
the dentist has a good coll and becomes expert in the manage- 
ment of his appliance, he will require but a few seconds for an 
exposure, and his film may be enclosed in two thicknesses of 
black paper without danger of light or moisture. The film is 
placed sensitive side down upon a piece of paper 3" X 4", 
and the edges are turned over upon the back of the film. This 
is then placed upon another piece of paper somewhat larger 
than the first and enclosed in the same manner. A little gum 
paper will prevent the opening of the flaps. The film, thus 
enclosed, is flexible and neat, and can be easily adapted to any 
part of the mouth. 

184. If the dentist requires a considerable length of time 
for an exposure, he may enclose his film in black unvulcanized 
rubber, as suggested by Doctors Van Woert and Price. The 
film should first be covered with an envelope of tissue paper to 
prevent adhesion of the rubber to the film and also any injuri- 
ous effects of the rubber upon the film. The black rubber 
being quite flexible and adhesive, a piece is cut twice as large as 
the film. The film is placed upon one half and the other half 
is turned over- upon it and the edges pinched together. This 
makes a light-proof and moisture-proof covering, and a film 
protected in this manner may be immeraed in the saliva with- 
out danger of injury therefrom. 

185. Dr. C. E. Kells has suggested the use of a little plate 
holder. This is made by first taking a modelling compound 
impression of the coronal and lingual aspect of the teeth to be 
skiagraphed. A piece of 2S-gauge aluminum is attached to the 
inner side of the compound, and to this the piece of film, pro- 
tected as previously described, is attached by little clips. The 
whole is then placed upon the teeth and the patient instructed 
to close the mouth. Tliere are two advantages in this method. 
It leaves the operator tree to manipulate the inplrumentandthe 
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film can be held more quietly. This method is especially valu- 
able where, by the nature of things, from 30 to 90 seconds are 
required for a dental skii^p^ph, but when a large and efficient 
coil and tube are used and but from 3 to 10 seconds are necee- 
sary, the film can be held quiet for that length of time by 
the aseistant 

186, The film having been prepared, the patient is com- 
fortably seated in an ordinary chair with a portable head-rest 
upon the back. An ordinary chair will be found moatconveni- 
ent for the reason that in taking skiagraphs of the upper jaw it 
is necessary to place the tube well above the patient to have the 
rays strike the plate perpendicularly and to get the teeth with 
the least distortion. For the lower teeth it is only necessary to 
rest the head well back in the head-rest In making these 
adjustments the aim should be to seat the patient in such a 
position that the film, when in place, will face the tube so that 
the rays will be received perpendicularly thereon. It should be 
home in mind that cleamesB of definition and correct' propor- 

. Uons are lost it the plate is not at right angles with the tube. 

187. While there is very little danger of producing a bum 
upon a patient in taking a dental skiagraph, owing to the short- 
ness of exposure, the tube should nevertheless be placed at 
least 12 inches from the surface of the face. Although the 
time of the exposure is lengthened by increasing the distance 
between the tube and the film, even 15 inches would not be too 
far, and with an efficient instrument it should never be less 
than that. It should be home in mind that the rays emanate 
from a very small surface and proceed outwards in straight but 
diverging lines, and the farther the object is stationed from the 
target, as the point of illumination is sometimes called, the 
more parallel will the rays be. Every skiagraph is larger than 
the original, but this disparity becomes less by placing the 
object at a distance from the tube. Nor are these the only 
advantages to be derived from operating at a distance from the 
tube. The patient, always a little timid at first, feels more 
secure at a greater distance and the operator has more room for 
manipulation. While a greater distance requires more time. 



Digitizecy Google 



PLATE XXXIX. 
Arihraii Drjormant AJler Ftartart oj the Vorotwid Procrie 



^.y Google 



,1,1.0, Google 



§ 15 , OF ROENTGEN RAYS. 105 

the dental operations naturally require bo little that this may 
be doubled and yet not be too long. The increase of distance 
is also compenBated for in another way; while it may take a 
longer time, any movement of the patient ie not so largely 
magnified as it would be if the distance were less. It may be 
roughly stated that the time required is proportionate to the 
square of the distance from the tube. If it is found by experi- 
ment that with a certain condition of tube it requires 15 
seconds at 12 inches from the tube, the operator will find that 
to get the same result 24 inches from the tube, about 1 minute 
will be required, and all intervening distances in a proportionate 
length of time. 

It will be found, in practice, that about 15 inches from the 
target is the proper distance, and having once established a dis- 
tance it should be kept as nearly as possible thereafter. There 
are eo many variable conditions in the taking of a skiagraph 
that those that can be fixed should be so. 

188. When the distance has been settled upon, the dentist, 
in determining the length of time, has then to deal with but 
two variable conditions — the thickness of tissue and the condi- 
tion of the tube. The thickness of tissue in dental caaes does 
not vary as in general practice, and it is an easy matter to 
roughly estimate this factor. The following scale of the propor- 
tionate length of time, as to the thickness of tissue, may be 
eetablished. If it is found that 5 seconds, with a certain con- 
dition of tube, will give a clear skiagraph of the lower incisors, 
it will require about 8 seconds for the molars of the lower jaw, 
and about 15 seconds for the antral region of the upper, and all 
the other parts at proportional lengths of time. 

189. The condition of the tube has much to do with the 
Imgth of time for an exposure. It will be found that the tube 
does not always start off at its highest efficiency, and it is this 
factor that is most variable and that will require the nio^t care- 
ful consideration in timing the exposure. This cannot be deter- 
mined by any standard, and the operator's skill, judgnieiit, and 
experience are alone to be relied on. During: the long exposures 
on the thicker parts, the physician has an opportunity to watch 
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the tube through the fluoroscope and to judge as to the length 
of time but the dentist, owing to the short time of most of hia 
exposures, must base his calculations upon the fluorescent 
appearance of the tube iteelf. For this reason, it is incidentally 
mentioned that darkening the room somewhat during the 
exposure will aid the dentist in judging of the working of 
the tube. 

The tube varies at different times, not only as to the volume 
of Roentgen rays given ofE, but as to the condition of the 
vacuum. The length of the exposure, all other things being 
equal, has to do with the clearness of the picture, but the varia- 
tion in the vacuum of the tube has to do with the contrast 
between the tissues of different density. The effect of tubes of 
different vacua is a most important consideration in Roentgen 
ray work, for on this depends almost entirely the securing of a 
good picture that will show the objector condition most clearly, 
A tube, for instance, that would best show a broken broach will 
give but an indistinct outline of the pulp canal or an abscess. 
Roentgen ray tubes have therefore been claeeified according to 
the condition of their vacua into soft, medium, and hard tubes. 
The soft tube, if used in looking at the hand through thefluoro- 
scope, will show a dark outline of the whole hand, and only 
by close inspection can the bones be distinguished. This is 
represented by an external shunt epark of about 2^ inches. 
The medium vacuum is one that, if observed in the same way, 
will show the bones with the strongest contrast if compared 
with the flesh. They appear black, and, on inspection, their 
minute structure can be very easily seen and studied. The 
hard tube is one that will show the outHne of the flesh and the 
bones within, but there is not that contrast between the two 
that was seen in the medium tube. The light seems to pene- 
trate the two almost alike, and because of the loss of contrast, 
the minute structure of the bone cannot be traced in its finer 
details, as could be done with the medium vacuum. 

190. The rays emanating from a soft tube have little 
l^enetrating power, whereas llio r.iy« from a hard tube have high 
penetrating power. For this reason the rays of the soft tube are 
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affected by the least variation of the density of the softer tiesues, 
while those of the hard tube pass through all tissues with but 
shght change. It should be borne in mind that a photographic 
plate is more sensitive than the eye, so that in the taking of a 
skiagraph the vacuum should be much lower than would be 
necessary for the eye, and it is for this reason that a lower 
vacuum is used for photography than for viewing the object 
through the fluoroscope. The vacuum, however, must be high 
enough, in all cases, for the rays to penetrate the subject. For 
this reason, also, it will be found that the degree of vacuum 
should vary somewhat in proportion to the thickness of tissue 
to be skiagraphed. It will require a little higher vacuum for 
the arm than for the hand, and a still higher vacuum for the 
pelvis. There is not only this rising scale of vacuum with 
mcrease of density and thickness that must be considered in the 
taking of every skiagraph, but the more important considera- 
tion of proper vacuum for showing the object or tissue at its 
advautf^. The two must be considered together in calculating 
for the exposure. 'iTie physician is constantly dealing with 
tissues of a wide range of thickness and density, and only by 
constant practice is he able to successfully take every subject. 
While the dentist is more fortunate in this r^ard, because his 
dental cases are nearly all of the same thickness and density, 
he, however, has a range of subjects that call for just as fine 
vacuum calculations. The d^ree of penetration necessary in 
dental cases is about equal to that met with by the physician in 
the case of the hand, so that having once found the proper 
vacuum for the average dental cases, he has only to vary that 
slightly to get contrast or penetration. The average condition 
of vacuum necessary for dental cases will be found in a soft 
tube and at no time a higher vacuum than a medium tube. 

191. There is a great variety of Roentgen ray tubi'S u\Hm 
the market, and these are divided into two claiwen, namely, 
ihase with vacuum rc);ulators and those without The l>cginner, 
owing to the many details to be learned, should confine himself 
to the use of the latter tla.«s. for hero he is dealing with a fixed 
vacuum, and that feature of hies <'aloulations may l>e omitt*^ for 
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the time being and taken up later when he is better prepared. 
The dentist should b^in with two tubes, one soft and the other 
of a medium vacuum. These tubes are not only cheaper, but 
they will, later on, be useful to him in another way, for in the 
course of time as their vacua rise by use, these tubes can be used 
for fluoroscopic examinations and for work upon the thicker 
parts. Another and very important reason for using tubes with 
a fixed vacuum tor dental purposes is because of the very short 
time required in these cases. All tubes with regulating devices 
are at a normally high vacuum, and it takes a few moments of 
time to "work" them down;, so that, in practice, it will be 
found that by the time the tube has been brought to a condition 
of vacuum suitable for a dental case, the film has been exposed 
long enough and it will be a chance result if the skiagraph is a 
good one. After the dentist has learned how to manage the 
tubes with vacuum regulators, he may be able to get the tube in 
condition and dexterously adjust the patient and film and use 
the tube before the vacuum rises, but this can never be as satis- 
factory as a tube with a fixed vacuum and in condition for 
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ELE(^TRIC HEATING 

1 , Iiom of Eleetrumotlve Force. — The phenomena 
connected with the passage of electric currents through con- 
ductors have been treated fully in Volume 1 of this Conrse. 
Among the phenomena considered were those relating to chem- 
ical decomposition, electromagnetism, induction, and, finally, 
mechanical effects, as in electric motors. 

In every instance, when work was performed in some form or 
other, the current lost part of its energy hy losing part of its 
electromotive force. In other instances, when no visible work 
was performed, a certain part of its energy was lost in over- 
coming the resistance of the electric circuit. An instance of 
this kind is found in voltaic batteries, where the internal 
resistance often equals that of the whole external circuit. In 
this connection it will he remembered that the rule was given 
in Art 134, Direct Currents, that "a maximum current is sent 
through a given external resistance, when the resistance of the 
battery is equal to the external reeiHtance." It seems that 
hi-re, and in other similar combinations, a great waste of energy 
must be going on, and the question naturally suggeat^i itself: 
What becomes of this electric energy, which apparently dis- 
appears without leaving any vipjble traces behind? 

2. Transformation of KnerKj-. — As energy cannot be 
lost, it must, it disappearing in one form, reappear in some 
other form, and though the new form in which it reappears is 
not perhaps at once traceable, it is, nevertheless, present and 
will he found on closer investigation. 
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It is a fact proved by numerous experimentei, that whenever 
a resistance is placed in the path of an electric current, it can 
overcome the resistance only by giving up part of its energy to 
the material of said resistance, and that the energy then 
reappears in the form of heat. As this heating property of 
the electric current is made use of in cauteries and electric 
lamps it is important to find the relations between the electric 
energy expended and the heat developed, when various forms 
and kinds of conductors are used. 

3. Variation In Heatlnfr KfTects. — In order to fully 
grasp this subject it is necessary briefly to mention a few facta 
relating to heat and its effects on different substances. If we 
take a piece of copper and hold it over the Hame of a Bunsen 
burner for a certain specified time and then measure its tempera- 
ture, we will find that the latter is very different from the 
temperature gained by a similar piece of platinum exposed to 
the same heat and for the same length of time. The latter will 
show a temperature about three times higher than that of the 
former. A still greater difference is found if a piece of carbon 
is heated. Continuing our experiments, we will soon ascertain 
that metals, fluids, etc. all show a difference in their ability to 
receive beat from some source or other. 

SPECIFIC HEAT 

4. We may briefly explain this by supposing that each 
molecule of matter requires the same amount of heat to raise 
its temperature a certain number of degrees. The lighter the 
molecules of which a body is made up the more of them there 
must he to make up a certain mass. And, further, the greater 
the amount of molecules a body contains the more heat it will 
require to raise its temperature. Bodies of higher specific 
gravity contain a smaller number of molecules in a given mass, 
because each molecule weighs more. There being fewer mole- 
cules to heat, it will require less heat to raise the temperature of 
the whole mass. We see, then, that there is a close relation 
between the thermal aipacily or specific heal of a body and its 
specific gravity. 
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5. Tlntt or Heat. — It is too indefinite to Bay that more 
heat is reqiiireil t<> raise the temperature of one piece itf metal 
than that of another piece, and some unit must therefore be 
adopted to enable us to make a comparison between various 
quantities of heat. For this purpose that quantity of heat has 
been selected trhich is able to raise the temperature of 1 cubic 
centimeter of water, that is 1 gram, from 3° to 4° C. This unit 
has been named 1 caUrrie. Five calories will therefore be 
able to raise the temperature of 1 gram of water 5° C, or 
5 grams of water 1° C, and, similarly, any other combination 
of grams and calories, the product of which will be 
equt^ to 5 calories. 

6. Table of Specific Heats and OraTltles. — In the 

table below are given the specific heats and specific gravities for 
various substances. Water is there talten as unity, meaning 
that if it will take 1 calorie to raise the temperature of 1 cubic 
centimeter of water 1° C, it will require a fractional part of 
1 calorie to raise the temperature of any of the other substances 
there named to the same height. For instance, lead would 
require only .0314 calorie, etc. 



TABLE I 






Bpeoinc lliwl 


Stperiflc GtavlCy 


Lead 


.0314 


11.4 


Platimim 


.0324 


22.1 


8i!ver 


.0611 


10.5 


O'PPer 


.101.*! 


8.9 


Zinc 


.1015 


S.9 


Inm 


.ILMH 


7.8 


Graphit« 


.2018 


1.0 


Water 


l.OUOO 


1.0 



7. Relations Between Speciflc Heat and Specillc 
Gravity. — There is some similarity between thermal and 
electrofltatic capacity. If the latter is small, it requires a small 
electric charge to raise the pressure to that of 1 volt; and, 
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similarly, if the thermal cai>acity or specific heat is small, it 
takes a small amount of heat to raise the temperature 1° C. 

Ill general, it is found that with an increase in specific gravity 
there followe a decrease of specific heat. Lead and iron are 
exceptions to this general rule. 

Ad examination of the values given for specific heat will 
show that it takes twice as much heat to raise 1 pound of 
silver to the same temperature as that of 1 pound of platinum, 
and nearly 4 times more heat to raise iron to the same 
temperature as that of lead. If, for instance, two rods, one of 
silver and one of platinum, were held together over a Bunsen 
burner, it would shortly be found that the platinum rod was red 
hot, while the silver rod would be comparatively cool. 

8. The Joule, Watt, and Calorie. — Having now ascer- 
tained the meaning of specific heat and a calorie, the relations 
between the calorie and electrical work have to be found. It was 
just stated that while an electric current was passing through 
a conductor the resistance of the latter had the effect of chan- 
ging part of the electric energy into heat. Heat must, therefore, 
simply be another form of electric energy, and, as it was possi- 
ble to express the enei^y of the electric current in foot-pounds, 
it should likewise be possible to express the enei^ of heat in 
the same unit. 

The unit of electrical work is the joule, which was found to 
equal .7373 foot-pound. (See Arl. 15, Direct Currenle.) It 
has b^en found that 

1 calorie = 4.2 joules =; 3.07 foot-pounds. 
1 joule = .24 calorie = .7373 foot-pounds. 
As 1 watt = 1 joule per second and 1 joule = .24 calorie, it 
follows that 1 watt — .24 calorie per second, 

9. Heat Developed in a Conductor Proportional 

to Square of Current-Strength. — In Art. 20, Direct 
Currents, the following formulas tor finding the number of watts 
developed were given: 
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The last of these only will be used in finding the relation 
between the current passing through & conductor and the heat 
developed in it. 

This formula W= C* X R shows that when heat is produced 
in an electric conductor, it is not proportional simply to the 
number of amperes passing, but to the square of the same. If, 
for instance, 2 amperes is flowing and transformed into heat, 
4 amperes will notsimply double the quantity of heat developed, 
but will increase it 4 times. Why this increase should be pro- 
portional to the Bqitare of the current-strength may not seem 
quite clear, and a practical example may help to make the 
matter better understood. When chemical energy is trans- 
formed into electrical energy, as, for instance, in a voltaic cell, 
the amount of material consumed per hour is proportional to 
the strength of the current. Suppose six Daniell cells are con- 
nected in series and are sending a current of 1 ampere through 
an external resistance. As the consumption of zinc per cell 
amounts to .043 ounce per ampere for each hour, the total 
amount of zinc consumed amounts to 6 X .043 ^= .258 ounce. 
If it is desirable to increase the current-strength to 2 amperes, 
while the resistance remakis constant, then the E. M, F, must 
be doubled and therefore the number of cells increased to 12. 
As now each cell is transmitting a current of 2 amperes, twice 
the amount of zinc must be consumed, or .086 ounce per cell, 
and the number of cells now being 12, the total amount of zinc 
consumed is 12 X -086 =^ l.a32 ounces. This is 4 times .258 
ounce, the original amount. We see then that to double the 
current-strength, 4 times as much chemical or electrical energy 
had to be developed, the electrical eneigy being proportional to 
the amount of material chemically transformed. 

10. Conclusions. — From these considerations we come to 
theconclusion that thegreater the number ot watts transformed 
into heat the more rapidly the temperature must rise. Coq- 
trarily, the higher the specific heat of a conductor, or its 
capacity for heat, the more slowly will this rise take place, and, 
finally, the greater the mass or weight of the conductor the 
more time will be required to effect a rise in temperature. 
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CONDUCTION, CONVECTION, AND RADIATION 

11. The increase in temperature of a conductor does not, 
as a rule, keep step with the number of watts spent in heating 
it, because heat, like electricity, is subject to losses from various 
causes. These losses may take place in three diSerent forms, 
through conduction, convection, and radiation. 

In conditctwn, the heat ia transmitted from particle to particle 
in the body itself. In a heated electric conductor the heat 
would leak from the interior to the surface. 

The transmission of heat by amvection takes place in liqui<l8 
and gases only, as it requires a certain mobility of the molecules 
of the substance. If a beaker of water is placed over a Bunsen 
burner, the bottom will become heated and the particles of 
water situated immediately above the same will be heated by 
conduction. When heated they become lighter and rise to the 
surface, thereby giving room to other particles. In this manner 
a constant stream of water will carry off the heat supplied by 
the bottom of the vessel. 

When Todiaiion goes on there is no direct contact between the 
source of the heat and the recipient of the same. The ether is 
in this caae the transmitting medium and is able to transfer the 
heat from one place to another without itself being heated. 
For instance, the sun radiates its heat through space and in this 
manner supplies the earth with its necessary heat, but without 
heating the intervening medium. 

1 2. Ijimit to Inerease of Temperature. — A heated 
conductor may give up its heat hy either one or all of these 
forms. If exposed to the air, the latter will become heated and, 
in passing away, set up a current tliat will constantly carry off 
heat from the conductor. The amount of surface a conductor 
exposes to the air will therefore be of importance in determin- 
ing the rise in temperature. Thin wires heat more rapidly than 
thick wires of the same material, partly because they have less 
surface to dispose of the heat and partly because of the higher 
resistance. Suppose, for instance, that two wires, one ■^ and the 
other ^j inch in diameter, have to cany the same current. The 
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thinner wire will have a croBS-sectional area ^ that of the 
thicker; therefore, it has 4 timea greater resistance aad 4 tiniea 
more heat units developed in it. But, as these heat units act 
on a mass 4 times smaller than that of the larger wire, there 
will be an increase in temperature IG times greater in the 
smaller wire. Then again, it must be remembered that the 
smaller wire has a surface only one-half that of the lai^r wire, 
and consequently it will have more difficulty in getting rid of 
the surplus heat. As the thin wire grows hotter it will also 
increase in resistance, and its temperature will continue to rise 
until it has reached a point where there is a balance between 
the heat received and that given o£F by conduction and 
radiation. 

1 3. BtTect of Length. — If the resistance of a long con- 
ductor is the same as that of a short conductor with the same 
diameter, the number of heat units developed in both should 
be the same. But the increase in temperature of the long con- 
ductor may be hardly noticeable, partly because the heat has to 
be distributed over a larger mass and also because the longer 
wire has a greater radiating surface. 

14. Effect of Heat od Resistance. — As already stated, 
the resistance of a metallic conductor increases with the 
temperature. The amount of this increase is about .38 per 
cent, per degree centigrade for pure metals. For instance, if a 
copper conductor has a resistance of 220 ohms and its tempera- 
ture is raised 100° C. , its resistance will increase to about 
304 ohms. In general, it may be said that conductors increase 
and insulators decrease in resistance, when heated. 

Certain metallic alloys used for high- resistance coils suffer a 
very small increase in resistance when heated, and some of 
them, notably manganin, actually decrease in resistance. ■ 
Carl>on and india-rubber decrease in resistance when wann, the 
latter very much so, even with a small increase in temperature. 
The increase in conductivity of carbon amounts to about 
.03 per cent, per degree centigrade. For instance, if the carbon 
filament of an incandescent lamp has 220 ohm's resistance, 
it will be reduced to 213 ohms at an increaije in temperature 



itizecy Google 



8 PHYSICS OF LIGHT AND CAUTERY § 17 

of 100" C, and to 135 ohms at an increase of 1,280" C, which 
ie the usual difference in temperature between hot and cold. 

Liquids decrease in resistance by an increase in temperature. 
Water, when absolutely pure, does not conduct, but when mixed 
with gases or saline bodies, it is able to act as a conductor and 
its resistance will then depend on the resistance and quantity of 
these foreign substances. If 8 per cent, of sulfuric acid is 
added to the water, the resistance will decrease .65 percent, per 
d^ee centigrade, bo that a column of water with 1,000" olim's 
resistance will, when the temperature is increased 100° C, have 
its resistance reduced to 350 ohms. 

15. Different Temperatures lu One Conductor. 

If part of a heated conductor, such as a cautery, be either 
cooled or heated, it will influence the total resistance of the cir- 
cuit and increase or decrease the current-strength. Suppose, 
for instance, that a glowing cautery is brought in contact with 
living tissue. Part of it will then he cooled off, its resistance 
will be lowered, and the amperage will be increased. Conse- 
quently, the parts unaffected by the tissue will grow hotter. On 
the contrary, if the same part of a conductor has heat imparted 
to it, its resistance is increased, the current is reduced in 
strength, and the adjoining parts grow cooler. In the first 
instance, the outlying parts of the cautery may grow so hot as 
to fuse, therefore the importance of providing means, such as a 
rheostat, for regulating the curren1>strength through an 
active cautery. 

16. Importance of Low Resistance In a Cantery 

Circuit. — Ab the cautery itself is of a very low resistance, it 
follows, as a consequence, that if a large amount of heat shall 
be developed in it, a current of high amperage is required. 
Under these circumstances a heavy current will naturally have 
to pass through the whole circuit, inclusive of the battery 
itself, and, if no heat shall be developed anywhere but in the 
cautery, it follows that the other parts of the circuit must have 
a resifitance much lower than that of the cautery. If this is 
not the case, heat will also be developed in places where it is 
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not desired, and where it would either be inconvenient to the 
patient or to the operator, besides being a useless waste of power. 
For instance, if the cautery holders or the conductors leading 
to the latl«r are too small in diameter, then they are liable to 
get heated and in this manner will not alone waste lieat, but 
will also, by their increase in resistance, reduce the current- 
strength and prevent the cautery from receiving its full quota 
of the total energy at disposal. A few examples will show 
the importance of this point. 

■ A battery B, Fig. 1, producing an electromotive force of 
4 volts and with an internal resistance of .02 ohm, is to supply 
the current to a cautery C of .035 ohm's resistance, and it is 
desirable to find the effect that the resistance of the conductors 
W between the cautery and battery will have on the current- 
strength of the latter. It is supposed that 20 amperes are 



EK 



r»]uired to heat the cautery and that two conducting-cords, of 
a joint resistance of .00(5 ohm, connect the battery and cautery. 
The total resistance of the circuit is, then, .02 + .006 + .035 
= .061 ohm. It no rheostat is in the circuit, the current- 
strength *^= p = -ivT ^ ^^-^ amperea. To reduce this cur- 
rent to 20 amperes, a rheostat is installed and a resistance of 
.139 ohm is inserted eo as to make the total resistance .2 ohm. 
By means of the rheostat this supplementary resistance may be 
increased or diminished as the circumstances may require. 
This extra resistance of .139 ohm corresponds to a loss in 
voltage of 2.78 volts, which is changed into heat in the rheostat. 
It these conducting-cords of .006 ohm's resistance are 
replaced by some of . 12 ohm's total resistance, the resistance of 
the whole circuit will be .02 -f- 12 + .035 =.175 ohm, and the 

maximum current-strength is C=- = 22.9 amperes. There 
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is now a surplus resiatanee of .2— .175^.025 ohm, only, 
which repreeeQts a loss in voltage of 20 amperes X -025 ohm 
= .5 volt, which is a very small mai^n when it is considered 
that the heating of the circuit will increase the resistance 
materially and that a bad connection somewhere may consume 
this surplus. If the whole resistance of the rheostat were 
switched out, it would in this case have little or no compen- 
sating effect on the increased resistance of the circuit. The 
influence of the two conductors will be more clearly shown in 
the following table: 

TABIiE II 



Resistance of cautery 

BeeJBtance of circuit exclusive of 
rheostat 

Resistance of circuit inclusive of 
rheostat 

Surplus resistance in rheostat . . 

Surplus voltage consumed in rheo- 
stat 

Current in the circuit witli rlieostat 

Percentage of total pressure lost in 
conducting- wires 

Percentage lost in caulery . . . 

Percentage lost in battery . . . 

Percentage lost in rheostat . . . 



2.780 volts 
:0.000 amperes 



.500 volt 
20.000 amperes 



12.5 



17. Cautery Battery of Lo^v Resistance. — When it 
is so important to reduce the resistance of the conductors to a 
minimum, it can easily be seen that the resistance of the bat- 
tery must alpo be as small as poasible. Suppose, for instance, that 
the attempt should be made to run the above cautery by means of 
two Leclanch(i cells, each with an E. M. F. of 1.7 volte and inter- 
nal resistance of .8 ohm. Arranging the cells in series, their joint 
pressure will be 3.4 volts and their resistance 1.6 ohms; adding 
to this the resistance of the conducting-cords and the cautery, 
the total resistance will be 1,6 -|- .006 + .035 = 1.641 ohms. 
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Therefore, C=j~:7 = 2.072 amperee, instead of the 20 

amperes required. As it was shown in Art. 138, Direct Our- 
rmts, that an increase in the number of cells in series with a 
small external resistance does not increase the current-strength, 
it is useless to add any more cells. The only possible improve- 
ment would be to connect the cells in parallel. Then the total 
pressure would be that of one cell, or 1.7 volts, and their joint 

reeietance W = .4 ohm. The total current would then be 

17 J 7 

-——jjj^— —-„(.= = -,^-r== 3.8 amperes, which is still entirely 

inadequate. It would take ten of these cells in parallel before 
a current of sutficient strength could be obtained. Even so, 
a battery of these celts would be unsuited for the purpose, 
because cells of this class are unable to furnish a heavy current 
except for very short intervals, polarization taking place very 
rapidly, reducing the current-strength. 

If we select some cells with a higher E. M. F. ahd lower 
resistance, such as bichromate cells or cells' with very low 
internal resistance as, for instance, the Edison-Lalande cell, 
better results will be obtained. Selecting two cells of the latter 
class with an E. M. F. of .7 and an internal resistance of .03 
ohm, we would, by arranging them in series, receive a current of 
2X.7 J-4 ,„ „ -p, ■ ■ 

^= 2-^ro3+-.oo6+:o35 = noi = '^^ "•"'^'■^- ^'^^ "• 

also, entirely insufficient, but we notice at once the advantage 
over the other two cells in series. To obtain something like 20 
amperes from this class of cells, four are required, arranged 
two in series and two in parallel. 

When the minimum internal resistance is desired, we have 
to resort to the storage- battery, where the resistance may be 
about .005 ohm and where the discharge, theoretically, may be 
, 2.0 

:oo5~ 

is, of course, not permissible, because it would ruin the plates; 
but even so, the possible rate of discharge is so high that an 
ordinary voltaic battery cannot compete with it. 
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The method pursued above for ascertaining the current- 
Btreogth is tii use formula (a), Art. 128, Direct Currents. This 
is usually sufficient, but those who wish to go a little further 
may use formulas (d) and (e), Art. 135, and formula {g). 
Art. 136. 

CUBBENT-SUPPIiT FOR THE CAUTERY 
18. The Bichromate Cell. — R^ardii^ the most con- 
venient method for supplying the current to the cautery, it is 
needless to say that the ordinary lighting circuit takes first 
place, next to this comes the accumulator, and last the 
primary cells. Among the latter, the bichromate cdl, Art 35, 
Direct Currents, has occupied a prominent place, because it has 
a high E. M. F., a comparatively low resistance, and is able to 
dehver a heavy current for some time without polarization. 
There are many forms in the market, mostly consisting of a 
combination of a number of single eiements. Fig. 2 shows a 



form provided with a tight cover, which allows the liquid to 
splash about inside without spilling. In a bichromate cell 
the zinc should always be removed when not in use, in order 
to prevent local action. This is here accomplished by raising 
the cover and turning it around so as to place the plates in 
the empty side of the case. The other half is divided into 
cell -compartments, each containing an electrolyte. Fig. 3 shows 
another form where the electrolyte is kept in a bottle when not 
in use. Numerous other forms are produced, so as to make the 
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cells more portable. These cells all need a certain amount of 
care, it they are to be relied on when wanted. If not syBtem- 
atically inspected, they are liable to fail when any heavy 
service is required of them* 

In Arts. 92 and 94, Direct Currents, are given some particu- 
lars relating to the care of these cells. It should here be added 
that in a hichromate cell 
there is no liberation of 
gas and, therefore, no 
motion takes place in the 
electrolyte whereby the 
exhausted parts of 
the solution may be 
made to move away and 
make room tor the fresh 
parts. The strengthen- 
ing of the old solution 
goes on mostly by means 
of diffusion, unless the 
plates are lifted at inter- 
vals so as toaettheliquid 
in motion. It is there- 
fore of importance to 
have the electrolyte in a 
concentrated form, and 
this cannot be done with 
bichromate of potassium, 
even if dissolved in hot 
water. But, if bichromate ^"'' ^ 

of sodium is used in its place, it cun nut iiloiie be dissolved in 
cold water, but almost in any quantity. A battery will then 
need less frequent renewals of the electrolyte, and will be able 
to furnish a heavier current for a longer time without being 
subject to a decrease by the diminished action of the electrolyte. 
Carhart recommends the following solution: Dissolve 7 ounces 
of sodium bichromate in 1 quart of water, and to this should 
be added 5 Huid ounces of strong sulfuric acid. The solution 
is ready for use as soon as it coi'ls. When the battery begins 
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to show signs of exhaustion, add from 1 to 1.5 ounces of acid 
per quart of fluid. 

When it is intended to use a bichromate battery for cautery 
work, it is advisable not to have the dines in contact with the 
electrolyte longer than is absolutely necessary, and after use the 
zincs should be washed out in water. If the cautery current 
has been one of great strength and taxed the battery to its 
limit, it is better to throw the liquid away, unless it still has 
sufficient strength to run the battery for other purposes where 
a current of small strength is required. 

19. The Edlson-JJalande Cell. — When a battery is 
desired for oBice-work alone and not for transportation, then 
the Edison- Lalande battery is very serviceable. It will keep in 
working order for a long time without any attention, except an 
occasional examination every 2 or 3 months to ascertain the 
height of the liquid, as the latter will evaporate even when 
covered with oil. The type "W" cell has a resistance of about 
.02 ohm, and one cell can, for a short time, deliver a current 
of 33 amperes, if necessary; but usually they are put up in 
combinations of three cells, when they can also be used continu- 
ously for motors and similar work, and are able to supply a 
current of over 20 amperes. The lack of success that some 
operators have had with these cells is mainly caused by not 
following the rules given by the manufacturers. Another cell, 
based on the principles of the Edison-Lalande cell, is the 
Gordon cell. It is somewhat different in construction, but 
otherwise there is little difference between them. 

20. Dry Cells. — Some dry cells, such as the "New Stand- 
ard," "Hydra" battery, and others, have also been need for 
caut«ry work and to a great extent for lamps. They require no 
attention and are very suitable for transportation. Their 
resistance is not as low as that of the fluid cells and they 
cannot be renewed, but many operators prefer these disad- 
vantages to those of having to keep the cells in working order 
and to handle acids, etc 

21. Car© of Cells. — Regarding the care of cells, then, the 
essentials have already been given in Art. 92, Direct Currentt. 
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It may be added that sometimea a battery, wbicb otherwise 
aeetns to be in perfect order, fails to give the usual current- 
strength. In this case the fault may lie with one single cell, 
which either has a wasted zinc or eoice loose contact. It is well, 
then, to give each separate cell a close examination and, prefer- 
ably, to test them by means of a voltmeter. 

22. Storage-Battery. — Whenever a storage-cell can be 
conveniently charged it is preferable to a primary cell, provided 
it is in frequent use. If this is not the case, then it is better 
to have one of the primary batteries mentioned, because a 
storage- battery, if not submitted to a certain amount of work, 
will deteriorate in a short time. The price paid for it had then 
better be devoted to a primary battery. Complete information 
about the storage-battery has already been given in Art. 57, 
Direct Currents. 

The main point about a storage-battery is the rate of its dis- 
charge, taking care that it does not go beyond that indicated by 
the manufacturer. If so, buckling and sulfating are liable to 
occur, and it will never be able to run at its full capacity again. 
The charging of the battery should also be at the stated rate. 
As a transportable battery, it has great advantages by being 
able to deliver a heavy current without too much bulk. If 
r^ularly used, then a systematic charging process t^hould be 
gone through with at regular intervals, so that the battery is 
always charged and ready for service. If the lighting circuit 
is not available, a primary battery must be resorted to, and 
then every available moment should be used for charging pur- 
poses. Otherwise a very large primary battery is required in 
order to finish the charging process within a reasonable time. 
When ordering a storage- battery, the purpose tor which it is to 
be used should be stated, and also the meatus for charging it. 
The manner in which a primary battery is used for charging 
accumulators is fully described in The Pliymcg of Roentgen Rays. 

If the 110-volt incandescent-light circuit is utilized for char- 
ging purposes, then the arrangement shown in Fig. 4 may be 
made. The current comes in through the conductor a from the 
main circuit and passes through a number of incandescent 
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lamps, depending on the desired current -strength. In this 
instance ten lamps of 16 candlepower are installed, each permit- 
ting i ampere to pass, therefore a total of 5 amperes. From 

here the current passes through a fuse and switch to the adapter, 
ammeter A, and accumulators. In parallel with the battery 
is inserted the voltmeter V, enabling the operator to ascertain 
the progressive state of the charging at the same time as the 
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ammeter A indicates the rate at which it takes place. From 
the battery the current returns again through the adapter, 
switch, fuse, and main conductor h. 

When a primary battery is used for chai^ng it is important 
to have a rheostat in the circuit whereby resistance may be 
thrown out of the circuit when the chaining prioresses. This 
is to counteract the counter E. M. F. of the accumulator, which 
constantly increases while the charging is going on, tending to 
decrease the current-strength. The latter should be kept as 
nearly constant as possible. If too great, gassing and buckling 
may be caused. The method for calculating the time of charging 
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the ston^e-battery has been given in Art 30, 77)« Physics of 
Roentgen Rays. 

23. ILlshtlng Circuit. — The minimum of attention is 
required on the part of the operator when the incandescent 
lighting circuit is utilized. All that is required under this 
arrangement is simply to close a switch and the current is flow- 
ing. Ordinarily there are two kinds of currents available, the 
direct and the alternating. The most universally useful of the 
two is the direct current, because the alternating cannot be used 
in cataphoreeis, electrolytic, and galvanic treatments. For cau- 
tery and lamps it is immaterial which current is used. 

It would seem natural to suppose that a 110- volt lighting 
current could be used directly for cautery purposee, and that by 
inserting a resistance-coil or a number of incandescent lamps of 
suitable resistance in parallel, any curreijtr strength could be 
obtained. But tbis method has certain drawbacks that make it 
objectionable. A cautery has a very low resistance, and, to 
send a current of the required strength through it, demands a 
comparatively low pressure. For instance, let the united 
resistance of the cautery and conductors be . 1 ohm; then, with 

a pressure of 110 volts the amperage would be C^ p ^^ —r- ^= 

1,100 amperes. As the required amperage rarely goes beyond 
25, and usually is much below this, it is clear that a large 
resistance must be inserted in the circuit to bring the pressure 
witiiin reasonable limits. 

Suppose that we desire a current of 6 amperes for a cautery 
of .035 ohm's resistance. It is then necessary to insert a resist- 
ance in the circuit, in series with the cautery, sufficiently large 
to make the joint resistance of the cautery and conductors equal 

to 22 ohms, as found by Ohm's law, viz. : R:=j^=^ -v- ^ 22, 

Let the united resistance of the cautery and the conductors be 
. 1 ohm, then the resistance of the rheostat would be 22 — ,1 = 
21.9 ohms. The reduction of pressure that takes place in this 
resistance is £= (7x fl -= 5 X 21.9 = 109.5 volts, and the num- 
ber of watte lost is W =^ Ex C= 109.5 X 5 = 547.5 watts, a 
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useless waste amounting to 99.4 per cent, of the total 660 watla 
at disposal. It is therefore necessary to find other means 
wh)'reby the available pressure may he reduced to one suitable 
for tlie operation of the cautery. This is done by transforming 
a current with a relatively high voltage to one with a lower 
voltage, but with an increased amperage. If the current is 
alternating, this can be done by means of a transformer in the 
manner described in Arts. 58 to 62* EssaitifU Apparatus. 
Various designs of these transformers are in the market, eome 
more efficient than others. That one shown in Fig. 5 is not of 
a very high efficienry and requires a heavy primary current to 
produce an E. M. F. high enough for sending a heavy current 




through the movable secondary coils, one of which is used for 
the cautery and the other Idt light. This is because the lines of 
magnetic force have to complete their outside paths for a long 
distance through air, making the magnetic circuit one of high 
resistance, and therefore requiring a correspondingly heavier 
current to produce the same results as an apparatus in which 
the lines of force may travel almost entirely through iron. A 
transformer of the latter class is shown in Fig. 6. Here the 
primary and secondary coils are entirely enclosed in laminated 
iron. The strength of the cautery current is regulated by means 
of the hand-wheel on top that moves a small lever from one 
button to another. Each button means an addition of one-half 
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volt, the maximum current having a voltage of 6 volte. The 
transformer can be attached' to any ordinary ]amp-BO<ket of a 
66- or 110-volt circuit, the three hind ing- poets to the left being 



for that purpose. On the right are binding-posts for the 
cautery connections. 

When the direct current has to be transformed, the procedure 
is not quite so simple, because a motor-generator, or rotary- 
converter, ie required in addition to the transformer. A motor- 
generator consists, in reality, of an electric motor that is 
operated by a direct current. On the motor shaft ie also a sup- 
plementary armature that revolves in the magnetic field of the 
motor and has an alternating E. M. F. produced in it, suitable 
for the operation ot the transtormer shown in Fig. 6. In Fig, 7 
is a diagram showing the connections of the motor-generator 
with the lighting circuit, transformer, and cautery. A is the 
current-tap, inserted in any lamp-socket, from which the con- 
ductors a, a transmit a 110-volt current to the motor brushes of 
the motor-generator B, setting ite armature in rotation. An alter- 
nating current of 70 volts is then taken from the collector-rings 
on the left side of B and sent through the conductors 6, 6 to the 
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transformer C, where it is chaoged into a 6- volt alternating cur- 
rent, with a corresponding increase in amperage. This current 
is now led through the conductors c, c to the cautery D. 

When buying apparatus of this class it is always advisable to 
specify the voltage of the circuit from which it is intended to 



Owe/ Carrtff 




■f^-ntf Cu, 



derive the operating current. The conBtruction of the apparatus 
varies with the variation in voltage. The motor can also be 
used for any other purpose where driving power is required, 
Bueh as static machines, centrifuges, etc. 



CATITERTBS 

24. In Art. 16 was explained the theory of the cautery, and 
it remains here to treat of its practical construction and of the 
variations in form that the various purposes for which it is used 
demand of it. Platinum Is the metal that is almost exclusively 
used for cauteries, though at times thin steel and iron wires have 
been utilized for the same purpose. Platinum has the advan- 
tage over other metals that it is of a high specific resistance and 
low specific lifat, and of a high fusing temperature, therefore 
not easily melted when exposed to a high temperature. 
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25. Construction of the Catitery. — The resistance of a 
cautery e<;ldoin exceeds .1 ohm, while the volts vary between 
2 and 6 and the amperes between 1 and 50. A broad knife may 
take as much as 25 to 30 amperes at a pressure of 1 volL If 
the cautery is a long, thin wire, considerable more E. M. F. may 
be needed, but the total energy transformed into heat may be 
small, because the resistance is higher. 

Some cauteries are made rather heavy ; this should be 
avoided, as thereby the resistance is lowered, and, conse- 
quently, a heavier current is needed to reach the same tempera- 
ture. There is then more danger of the rest of the circuit also 
getting heated, resulting in an increase of resistance and waste 
of power. The copper conductors to which the platinum loop 
is attached should be of ample size and well insulated. The 
difference in pressure between these two copper wires is not 
great, but it is, nevertheless, important that no current passes 
from one to the other before it flows through the platinum loop. 
Therefore, the insulation should \k good and should be of such 
material that it can be readily sterilized. Usually silk and 
asbestos are used for this purpose, being covered with varnish 
to make it waterproof. It is needless to say that absolute clean- 
liness should be the rule, so as to prevent organic matter from 
being lodged between the conductors. 

26. Resistance of the Cautery Circuit.— In Art. 16 
attention was called to the importance of haying the whole 
cautery circuit, external to the cautery itself, of a minimum 
resistance. This emphasizes the importance of having all the 
joints and connections perfect, electrically considered. Metallic 
oxids are poor conductors, and, it found on any of the elec- 
trodes and joints, must at once be removed. For instance, the 
ends of the cautery that are inserted in the handle should 
always be examined, and, if oxidized, should be rubbed off 
with some fine emery-paper; likewise, the ends of the conduct- 
ing-cords that are inserted in the other end of the handle. The 
connection between the several elements of the battery should 
also be frequently inspected, as corrosion is, in particular, liable 
to occur in the presence of acids. 
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It has already been remarked in Art. 1 5 that the cautery, 
after coming in contact with moist tissue, is (lonaiderably cooled. 
Ap a consequence, some allowance should be made so that the 




cautery may receive a somewhat heavier current when in active 
operation than that which seems sufHcient to make it glow 
while surrounded by air. 

2T. Variety of Cauteries. — Pig. 8 shows a few forms of 
cauteries most in use. Where a larger 
incandescent surface is required, a loop 
or spiral of platinum, supported in 
groove* on a porcelain mount, is made ""' * 

as sho^'n in Fig. 9, the porcelain being heated to redness with 
the platinum. 

28. Cautery Handle. — Fig. 10 shows the cautery han- 
dle into which any of the cauteries may be inserted and, 
likewise, part of the conducting- cords by which the current is 
sent from the transformer to the cautery. 

The aim should be to have the cautery handle light and 
well balanced, otherwise the delicacy of the operations, for 
which the cauteries, as a rule, are used, are interfered with. 
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The tneUl handle should bo well insulated from the end socketa 
into which the conductors and cautery are inserted. 

Some handles are provided with an interrupter for starting 
and stopping the current through the cautery. This has some 
objections, mainly this, that the hand of the operator has to 
perform an additional motion, which of necessity must inter- 
fere with the stability of the cautery. A better method would 
be to use a foot-switch or to have an assistant do the starting or 
stopping of the current. 

29. Cautery Snare. — For the removal of a greater quantity 
of tissue the electrocautery snare is used. The ordinary handle, 
as shown in Fig. 10, may also be used for operating this snare. 




and is then provided with a little wheel by means of which the 
platinum snare may be drawn up. This arrangement does not 
seem to be very satisfactory, as it is difficult to produce an 
even pull and to prevent a certain jerkiness. In many opera- 
tions where the cautery snare is used, it is required to submit 
the latter to a constant pull, and, in some cases, of considerable 
strength. The handle, Fig. 11, is constructed with the aim of 
fulfilling these requirements. Here the fingers are inserted in 
the three rings, and by bending the fingers towards the thumb, 
the snare is drawn in with an even motion and with a speed 
that can be easily r^ulated. When using the snare it should 
be remembered that, while it is being drawn into the handle, 
its resistance is constantly decreasing. The resistance of the 
circuit should, therefore, be correspondingly increased, other- 
wise there is danger of the platinum wire boing overheatid and 
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melted. The snare handle here illustrated has a reaiBtance that 
is automatically increased while the snare is being shortened. 



Fio. n Fio. 11 

30. Bottinl's Incisor. — A special form of cautery is 
BoUini'/i incisor, Fig. 12, used for incision of the prostrate 
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gland. The female shaft F contains the cautery knife P, which 
may be moved in or out by turning the wheel H. To keep the 
shaft cool while the cautery is heated, a stream of cool water is 
circulated through the handle G and shaft F by letting the 
water pass in through the pipe K and out through the pipe fC. 
C is a plug that, inserted in a sleeve, connects it with the 
copper conductors. The advantage of the cautery is perhaps 
here shown at its best. While the shaft is being inserted the 
blade P ie entirely covered and the whole is cold. The current 
ia sent through the cautery after the desired position has been 
found and the operation performed in about a minute, after 
which the cautery is again sheathed, the current cut off, and the 
whole withdrawn in a cool condition. 



ELECTRIC LIGHTING 

INCANDESCENT LAMPS 

31. The Filament. — The active part of aii incandescent 
lamp is a thin filament of carbon mounted on platinum wires 
that are sealed in the neck of an evacuated glass globe. The 
thickness of the filament determines the resistance of the lamp 
and, thus, the voltage necessary to send a current of a given 
strength through it. In some small lamps a platinum wire is 
used in place of the carbon filament. More care is then 
required in using the lamps, as a current of too great intensity 
is liable to fuse the platinum. 

32. Unit CantllepoTver. — The light that an incandes- 
cent lamp emits is measured in candlepowers, some lamps hav- 
ing as little as J candleiwwer and others as much as 1,000. 
The standard candlepower ia the light produced by a candle 
burning 2 grains of spermaceti wax per minute. 

33. Variation In Candleiwwer. — The lamps ordi- 
narily used for offices and operating- nwrns are 16 candle- 
power, which is abbreviated to 16 c. p. The number of candle- 
powers that a lamp is able to give <rat depends on the amount 



itizecy Google 



26 PHYSICS OF LIGHT AND CAUTERY §17 

of electric power that the lamp transforms into light and heat. 
We have already seen that electric power is measured in watts, 
and the number of watts that a lamp utilizes is found l>y 
multiplying together the pressure and strength of the current 
through the same. 

For instance, the resistance of » lamp may be 220 ohms and 

the voltage 110. The current-strength is then C— ^=^-„ 

= .6 ampere. The product of voltage and amperage is 
110 X .5 — 55 wHttfl. The number of watts required to pro- 
duce 1 candlepouer varies between 3 and 4,5; small lamps 
used for diagnostic purposes may require as much as 8 watts per 
candlepower. Counting, in this instance, 4 watts per candle- 
power, we find the candlepower of this lamp to be -j* ^ 13.75. 
This is when the lamp is new, but its candlepower is not 
constant. A gradual decrease of the latter goes on, caused 
partly by the disintegration of the carbon filament, whereby 
, its diameter is reduced and its resistance correspondingly 
increased, and partly, also, by the deposition of the removed 
carbon particles on the inside of the lamp-globe. The latter 
is thereby made more or less opaque and the efSciency of the 
lamp reduced. 

The lamps used for diagnostic purposes vary in illuminative 
power from 1 to 16 candle|>ower. The pressure required for 
their operation is usually between 4 and 110 volte. It is clear 
that the same candlepower may be produced by lamps of vary- 
ing voltage and amperage as long as the watts consumed are the 
same. For instance, a lamp of 10 volts and .75 ampere would, 
theoretically, have the same candlepower as one with 6.5 volts 
and 1.25 amperes. In both cases the number of watts utilized 
is 7.5, but in general it is found that lamps using more than 
.9 ampere are more efficient than those requiring a smaller 
current-strength. 

The table on the following page shows, approximately, the 
variations in voltage and amperage for the same candlepower. 

34. Selection of Jjamps. — When procuring ordinary 
diagnostic lamps, considerations should be had of the available 
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voltage and a lamp selected that is most suitable for it. To be 
on the safe side it is well, for small lamps, to count about 
8 watts per candlepower. The following example will show bow 
such calculations are to be carried out. To find the total num- 
ber of watts required for a lamp of a given candlepower, 
multiply the candlepower of the lamp by the number of watts 

TABLE III 

1 c. p. from 3 volts and .6 ampere to 8 volte and .3 ampere 

2.5 c. p. from 5 volta aDd 1.4 amperes to 25 volts and .45 ampere 

5 c. p. from 5 volts and 3.0 amperes to 65 volts and .35 ampere 

8 c. p. from 10 volts and 2.8 amperes to 120 volts and .3 ampere 

16 c. p. from 15 volts and 3.T amperes to 160 volts and .4 ampere 

5S c. p. (roia40 volts and 2.2 amperes to 120 volts and .7 ampere 

c p. from 50 volts and 2.3 amperes to 120 volte and .0 ampere 

c. p. from 50 volts and 3.5 amperes to 120 volts and 1,4 amperes 

c. p. from 50 volts and 7.0 amperes to ViO volt-e and 2.9 amperes 

per candlepower, or, total watte 1^= total candlepower X watts 
per candlepower. For example, an S-candlepower incandescent 
lamp requires 3.5 watts per candlepower; how many watte are 
needed for ite operation? W=^8X 3.5=; 28 watts. A current 
of 10 volts is available; how many amperes will it require? 
According to Art. 20, Direct Currents, W= EX C, therefore, 



100 



10 



= 2. 8 amperes. 



35. Selection of a Battery. — The same battery that will 
serve to operate a cautery will not, as a rule, be able to run an 
incandescent lamp unless the battery is rearranged to fill the 
new requirements. The reason for this is that in a cautery we 
have to do with a very low resistance, perhaps as small as .025 
ohm, while in an incandescent lamp the resistance may be as 
high as 400 ohms, depending on the candlepower of the lamp 
and the pressure of the current. In the cautery it is a question 
of developing a maximum of heat, and in the incandescent 
lamp a minimum heat with a maximum of light. 

As the lamp has a resistance so much higher than that of the 
cautery, it is necessary to have a battery with a high E. M. F. 
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and a relatively small current-strength. The resistance of the 
battery in this instance plays a more subordinate rdle, because 
the amper^e is small, and, therefore, the product of current 
into resistance, that is, the loss of potential, cannot reach the 
height it would in a cautery circuit. It is thus seen, that while 
in a cautery -battery the aim is to produce a maximum current- 
strength by putting the cells in paraliel, in an incandescent 
lamp-battery the aim is to produce a higher voltage by placing 
the cells in aerten. Whether either of these combinations alone 
is sufficient to produce the desired voltage or amperage will 
depend to a great extent on the E. M. F. and the resistance of 
the individual t^ells, and on the currentrstrength demanded either 
by the cautery or the lamp. 

Suppose, for instance, that an incandescent lamp with a 
resistance of 4.8 ohms requires a current of 1.25 amperes to 
bring it to proper incandescence. A battery of six Edison- 
Lalande cells, used (or the cautery, is at hand, and it is 
desirable to ascertain if these are able to run the lamp. The 
E. M. F. of each cell is .7 volt and internal resistance .OS ohm. 
Arranging the cells in series we find the current-strength, 
according to formula (fc), Art. 128, Direct Currents, to be 
„ «« 6X.7 4.2 „. 

^=- JTT+R = 6 X .OSTTS = 4798 '~ '^^ ^'^P^'^" 

The result shows that this number of cells is entirely inade- 
quate for hghting this particular lamp. Thb does not mean 
that a greater number of cells may not <lo so, or that another 
lamp requiring less pressure may not be run successfully. 

On taking six bichromate cells, each of 1.9 volts E. M. F. and 
.5 ohm's resistance, we find, on arranging them in series, that 

they will give a current of C— „ , '-, „ =; 1.46 amperes, 

a current of sufficient strength to light the lamp and to allow 
the insertion of a resistance for regulation. 

The number of watts utilized in a lamp may, of course, be 
varied, either by increasing the E. M. F. or the amperage of the 
current, or by decreasing the resistance of the circuit, the latter 
method being accomplished by the use of a rheostat. It should 
be remembered, however, that increasing the candlepower beyond 
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that at which a lamp is rated is very injurious and results in a 
quick deterioration of the same. 

36. Using: the UtchtiiiK Current. — The other means 
used for operating the diagnostic lamp are the same as those 
used for the caulery, with the modifications in E. M. F. and 
current-strength, which have already been mentioned. The 
transformer shown in Fig. 5 is made both for light and cautery, 
the coil on the left giving the current for the light and on the 
right for the cautery. In other cases the current is received 
directly from the lighting circuit, but may then have to be 
reduced to the requireil voltage by means of a rheostat, which 
is not a very economical method. Rotary transformers may 
also be used for this purpose, from which a current is received 
with the correct voltage. When the commercial current cannot 
be obtained, recourse must be had to a battery, either made up 
of voltaic cells or storage- eel Is. Voltaic cells in the form of 
dry cells have also been used successfully. 

37. Portable Battery. — When using voltaic cells for 
office-work, the gravity, bichromate, and Edison-Lalande cells 
are all serviceable. For |iortab]e puiposos the dry cells are the 
most desirable. The formulas given for combining cells for 
cautery purposes are also used when calculations have to be 
made to ascertain the best coinbi nation for operating a given 
lamp. As a lamp of, say, 8 candlepower is made for a voltage 
varying between 10 and 120 volts, it is well to procure a lamp 
of a voltage that will be run by a battery of minimum weight, 
when intended to be portable. If, fur instance, the voltage is 
too high, then a large number of cells are retjuired, which, in 
case of a storage- battery, would be inconvenient. It would 
here be better to have the voltage as low as possible in order to 
require a minimum number of cells. For portable purposes 
the dry cells are to be preferred. They are not quite as et:ononi- 
ical as the ordinary cells, but they are very clean, require no 
attention, and do nut deteriorate when not in use. They may 
be bought in quantities ready for replacing worn-out cells. This 
matter of deterioration iH quite an item with storage- batteries, 
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and unless they are used very frequently they are rather expen- 
sive and troublesome to maintain in good working order. 

38. Head-Light. — For diagnostic purposes the lamp ia 
required to light only a limited area, and for this reason it is 
possible to concentrat* the illumination in one direction. Con- 
sequently, the illuminative power of the lamp for a given area 
may be increased fourfold to fivefold, depending on the area 
and the means used for concentration. It is also of additional 
advantage to have the operator's eyes shielded from the lamp, 
in order to study the illuminated parts to the beet advantage. 



Such an instrument is shown in Fig. 13, where the lamp with 
its reflector and condenser is fastened by means of a belt. The 
operator is then allowed the use of both bands and can also 
change the direction of the light to suit the requirements. 
When it is impossible in this manner to throw the light on the 
paria desired, as, for instance, in throat and nasal examina- 
tions, a hand-lamp may be used, as shown in Fig, 14. 
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39. Cystoacope. — When it is desirable to illuminate cavi- 
ties and observe the surrounding walla, such as the Etomach or 
bladder, it is necessary to send the light reflected from these 




walls through a long tube and to enlarge the image thus found 
by means of suitable lenses. This is done by means of the 
cystoscope illustrated in Fig. 15. A is the lamp situated at the 
extreme end of the tube T. £ is a prism that receives the 
image and refracts it through the tube in a longitudinal direc- 
tion and through a lense placed at G, where it is magnified. 
As the lamp generates some heat, several designs have water 




iJ^ 



circulating through the tube tor the purpose of cooling it. The 
filaments in these small lamps are quite delicate and they 
should be handled with care to avoid permanent injury. 

40. Urethroscope. — Fig. 16 illustrates an improved form 
of urethroscope in which the lamp is held more securely than 
in most other forms, and where there is less danger of getting 
the application entangled with the lamp. The main tul>e is 
marked a and is provide<l with an opening at its extremity 
through which the obdurator b projects. The latter is grooved 



itizecy Google 



32 PHYSICS OF LIGHT AND CAUTERY §17 

on its under side eo as to allow space for the lamp. The tube, 
obdurator, and lamp are all introduced simnltaneouBly into the 
urethra, &b shown in Fig. 16 (a). The handle h is provided 
with atude /, to which are attached the conducting-cords from 
the battery. On the front and rear of the handle are push- 



c^ 



3 -«- 



buttons e for starting and stopping the current. Fig. 16 (6), 
(c), (d) shows the obdurator, the lamp with its carrier, and the 
tube a without the obdurator. By reason of the position of the 
lamp there is more direct illumination of the urethra, and 
the degree of heat imparted to the urethra by the lamp is 
reduced to a minimum. 
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A SERIES OF QUESTIONS 

Relating to the Subjects 
Treated of in This Volume. 



It will be noticed that the queetione contained in the follow- 
ing pages are divided into sectionB corresponding to the secticna 
of the text of the preceding pages, so that each section has a 
headline that is the same as the headline of the section to 
which the questions refer. No attempt should be made to 
answer any of the questions until the corresponding part of the 
text has been carefully studied. 
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The Physics of Roentgen Rays. 



EXAMINATION QUESTIONS. 

(1) What difference is there between the static machine 
and other sources of electric enei^, as regards the production 
of Roentgen rays? 

(2) Why cannot the current from batteries, dynamoe, etc. 
be used directly for producing Roentgen rays? 

(3) What factors determine the strength of an electric 
current ? 

(4) Can you name some other instances in nature where 
these properties play the same role? 

(6) What is meant by the electromotive force of a current? 

(6) To what does the ampert4;e of a current refer? 

(7) What other terms can you name that are equivalent 
to electromotive force? 

(8) Does intensity refer to pressure or rate of flow? 

(9) What unit is used to express the power of a current? 

(10) What two factors must be known in order to deter- 
mine the power of a current? 

(11) A current with a pressure oF 5 volts flows at the 
rate of 20 amperes. What is its power in watts? 

(12) How much greater power has a current of 100 voIIh 
and 2 amperes? 

For nolirc iif ropyri'jM. «(-|jiiyf ••"mr'IUilrl\/ /iiaoinng llu: liUi page. 
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(13) Has the length, sectional area, and interior liurfuce 
of a tube any effect on the final pressure and flow of water 
through said tube? 

(14) Name the factors that influence an electric current 
in a similar manner, 

. (J5) How does the temperature of a conductor affect ita 
resistance ? 

(16) When is a terminal of a battery called positive? 

(17) Of what sign is the cathode? 

(18) What term is applied to a current that flows in one 
direction only? 

(19) Why is a current called alternating? 

(20) What does a source of electric energy really represent? 

(21) What is meant by a voltaic cell? 

(22) In what direction does the current flow through the, 
negative pole of a voltaic cell? 

(23) Is there any pressure in a voltaic cell if no current 
is flowing through it? 

(24) What effect does an increase in resistance have on 
the current flowing through a circuit? 

(25) What effect does the pressure have on the current 
strength, according to Ohm's law? 

(26) How is the current strength found by means of 

Ohm's law? 

(27) If the pressure produced by one cell is insufficient 
and two cells are required, how should they be connected 
and what is this combination termed? 

(28) If the current strength derived from one cell is too 
weak and three cells are needed, how must they be connected, 
and what is the term applied to this combination? 
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(29) If six cells are to be arranged so aa to give a current 
with a pressure of three cells and a votume correBponding to 
that of two cells, how should they be arranged, and what 
combination do they constitute? 

(30) If a cell furnishes a current of 3 amperes for 40 hours, 
how many ampere-hours does it give ? 

(31) What does an accumulator really store? 

(32) What terminal of a storage- battery, when undei^oing 
charging, is connected to the positive terminal of the charging 
device ? 

(33) What percentage is usually added to the ampere-hours 
of a storage-battery when the time of chai^ng is being calcu- 
lated? 

(34) If an accumulator has a capacity of 500 ampere-hours 
and is charged at the rate of 5 amperes, how many hours are 
required? 

(35) Does the E. M. F. of an accumulator have any effect 
on that of the charging current? 

(36) What is meant by the "gassing" of a storage-battery, 
and when does it take place ? 

(37) Why is it important that the rate of charging and 
dischai^ng a storage-battery be kept within certain limits? 

(38) If a lighting circuit is used for chai^ng an accumu- 
lator at the rate of 5 amperes, and incandescent lamps are used 
as resistance, how many 16-candle- power lamps will be required, 
and how are they arranged ? 

(39) What is the function of a rheostat? 

(40) What purpose does a motor-generator serve? 

(41) Why is it that a current of electricity resists a sudden 
starting and stopping? 

(42) If a current, while Sowing from left to right in u 
conductor, is suddenly stopped, what influence will this have 
on another conductor parallel to the first? 
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4 THE PHYSICS OF ROENTGEN RAYS. ^13 

(43) What 18 meant by an extra current? 

(44) What means are used for making the interruption of a 
cnrrent approximately instantaneous ? 

(45) (a) What happens when the armature H, Fig. 14, is 
attracted by the core C? (b) What path does the extra current 
follow? 

(46) If the gap in a secondary circuit is too lai^ for the 
closing current to bridge, but small enough for the breaking 
current, what will be the nature of the current, in the secondary 
coil? 

(47) It the diameter of the wire used in the secondary coil 
is greater than that in the primary coil, and the number of 
windings is less, how is the pressure in the secondary coil 
relative to that in the primary ? 

(48) Is it sufficient to judge the efficiency of a coil simply 
by measuring its sparking distance? 

(49) What determines the power of a coil? 

(50) What is the objection to a simple spring interrupter? 

(51) In what respect does an independent spring inter- 
rupter differ from an ordinary spring interrupter? 

(52) How does the rate of interruptions affect the current- 
strength through the primary coil? 

(53) Why is it important that a current should not be sent 
through the primary coil before the interrupter is in action ? 

(54) If the discharge of a storage -battery proceeds too far, 
what effect does it have? 

(55) From what part of a Roentgen ray tube do the 
rays proceed? 

(56) What effect does the size of the focusing point have 

(Ml the sharpness of the skiagraph? 
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%l^ THE PHYSICS OF ROENTGEN RAYS. 5 

(57) What IB the function of the antic&thode? 

(58) If the vacQum of a tube is varied, what effect has 
tfaie on the character of the rays,? 

(59) In order to get the most use from a Roentgen ray 
tube, what should be the condition of its vacuum when new? 

(60) What is the advantage of a aelf-regulating tube? 

(61) To what do the terms " hard " and "soft" refer when 
applied to a Roentgen ray tube? 

(62) To differentiate between dense substances what should 
be the condition of the tube? 

(63) If maximum differentiation is desired in substances 
of small density, should a soft or a hard tube be used? 

(64) If under any conditions maximum difEerentiation is 
the aim, what should be the penetrating quality of the rays 
relative to the density of the integral parta ? 

(66) What effect has a series spark-gap when inserted in 
a Roentgen tube circuit? 

(66) Does the specific gravity of a substance have any 
effect on its permeability to Roentgen rays? 

(67) What is the relative transparency of glass and lead? 

(68) If maximum definition of an object is desirable, what 
position should it occupy relative to the fluorescent screen or 
sensitive plate? 

(69) When it is required to remove the contusing effect 
of certain parts, how should they be placed with regard to 
the sensitive plate? 

(70) Should it be of advantage to have all the con- 
stituent parts appear with nearly equal definition, what posi- 
tion should the Roentgen ray tube oct;upy relative to the object? 
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6 THE PHYSICS OF ROENTGEN RAYS. § 13 

(71) Do the Burroundings of a Roentgen ray tube take 
aoy part in radiating Roentgen rays? 

(72) What is the cause of the distortive effect of Roentgen 
rays? 

(73) To prevent distortion in a skiagraph of any particu- 
lar object, what position should the same occupy relative to 
the tube? 

(74) In order to locate a bullet in a body a double expo- 
sure has been made while the tube was 14 inches above the 
sensitive plate. During either exposure the tube occupied a 
position 6 inches to the left and right, respectively, of the 
zero point in Fig. 43. The distances between e and / and the 
center of the plate are 3 and 4 inches, respectively; find the dis- 
tance of the bullet above the plate and the distance between 
the bullet and the center line m, n„, Fig. 46. 

(75) What other means, founded on the motion of the 
object relative to the Roentgen ray tube, are there for locating 
the position of an object? 

(76) To receive the full benefit of fluoroscopic examination, 
what should be the condition of the operating room and of 
'Jie operator's eyes? 
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SKIAGRAPHY. 



EXAMINATION QUESTIONS. 

(1) What does a skiagraph really represenl? 

(2) What means are there at present for making viBible the 
shadows produced by Roentgen rays? 

(3) Name the active ingredients in the gelatine coating of a 
sensitive plate. 

^ (4) Why ia a red light used for the dark room? 

(5) When handling sensitive plates before exposure and 
development, what precautions should be taken to avoid mis- 
leading marks? 

(6) What precautions should be taken when storing sensi- 
tive p 



(7) Why is the sensitive layer of a Roentgen ray plate 
placed so as to face the tube? 

(8) What purpose does the intensifying screen serve? 

(9) Does the intensity of the Roentgen rays vary in the 
same ratio that the distance between the tube and plate is 
varied? 

(10) What other factors, besides distance, affect the length 
of exposure? 
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2 SKIAGRAPHY. § 14 

(11) What is the process of "developing" a sensitive 
plate? 

(12) In covering a plate with the developer, what pre- 
cautions must be taken? 

(13) When an overexposure has been made, is there any 
difierence wliether this has been produced by means of a hard 
01 a soft tube 7 

(14) Why should the aim be to produce contrasts in develop- 
ing the skiagraph? 

(15) It an overexposure has been made, what means should 
be used to counteract the rapid development of s skiagraph? 

(16) If an underexposure has been made and the develop- 
ment proceeds too slowly, what can be done to accelerate the 
development? 

(17) By what signs will a skiagraph indicate an overex- 
posure or an underexposure? 

(18) While observing the appearing image of a skiagraph 
undei^oing development, how can a distinction be made as to 
whether it is overexposed or underexposed? 

(19) What precautions should be taken while handling the 
fixing solution ? 

(20) What is the difference between a positive and a 
negative? 

(21) In viewing an ordinary n^ative and a skiagraph from 
their glassy side, state what difference is found in regard to the 
position of the integral parts. 

(22) In order to, in either case, receive a correct impression 
of the relative positions of the parts, how should they be 
viewed? 
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§14 SKIAGRAPHY. 8 

(23) If a positive ie made from a skiagraph, what is there 
to be said regarding the position of the parts shown in the 



(24) Explain the difference in perspective between a skia- 
graph and a picture of the same object. 

(25) in viewing a skiagraph from ita film side, why are the 
parts with clear outlines usually overlapped by other parts 
shown more or lees diffusely? 
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Practical Applications of Roentgen 
Rays. 



EXAMINATION QUESTIONS. 

(1) How are the margins of the orbit, the nasal bones, and 
the antrum Highmori best skiagraphed? 

(2) Describe the method of locating a bullet in the eye. 

(3) What iB the beat position of the patient to take a skia- 
graph of the neck ? 

(4) What may be said of the value of Roentgen rays in 
locating foreign bodies in the throat? 

(5) What is the special value of the Buoroscope in examin- 
ing the intrathoracic organs ? 

(6) Why is the image of the anterior aspect of the ribs 
diffused in anterior irradiation ? 

(7) In what position is the heart beet skiagraphed? 

(8) What may be said of a clear skiagraph of the dorsal 
vertebrse ? 

(9) Why are the outhnes of the heart better seen during 
fluoroscopy than in skiagraphy ? 

(10) What is the advantage of Roentgen rays in the early 
stage of aortic aneurism ? 

(11) What may be said of fluoroscopy and skiagraphy in 
the examination of mediastinal tumors ? 

Fw Tiolic^ 0/ topyrifr^f. vr imff immrdiiif^i'i f'tllincina the litU pa^- 
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•2 PRACTICAL APPLICATIONS § 15 

(12) State the value of Roentgen rays in determining the 
treatment of traumatic pericarditis. 

(13) How is a pyothoracic cavity skiagraphed? 

(14) How are the outlines of the stomach made visible? 

(15) State the principal benefits of abdominal skiagraphy. 

(16) What is the most important requisite for skiagraph jc 
success in the diagnosis of cholelithiasis 7 

(17) In skiagraphing for cholelithiasis, state (a) the 
position of the patient; (6) the time of exposure; (c) the 
direction of the rays. 

(18) Why must great care be taken to place the tube in the 
proper direction when exposing for cholelithiasis? 

(19) lu skiagraphing the kidneys, state (a) the quality of 
the tube used; (6) the position of the patient; (c) the time of 
exposure. 

(20) State the greatest usefulness of Roentgen rays in renal 



(21) Who first skiagraphed a renal calculus? 

(22) Is a good skiagraphic plate conclusive evidence in the 
dit^oeis of renal calculi ? 

(23) What is the chief characteristic of a reliable renal 
ski^raph? 

(24) In' what position is a vesical calculus best skiagraphed? 

(25) Why should a lateral exposure always be made in 
skiagraphing for vesical calculus ? 

(26) How may the outlines of tumors of the stomach be 
skiagraphed ? 

(27) State the value of skiagraphy in determining the 
treatment in spina bifida. 
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§15 OF ROENTGEN RAYS. 3 

(28) State the uae of Roentgen rays in gynecology and 
obstetrics. 

(29) In skiagraphing the pelvis, state (a) the position of 
the patient; (ft) the quality of tube; (c) the time of exposure. 

(30) State the difference between the skiagraphs of a nor- 
mal hip and a hip in the first st^e of tubercular inflammation. 

(31) State the value of Roentgen rays in the early stage of 
the different infiammatory processes of the hip- joint 

(32) Describe a skiagraph of arthritis deformans. 

(33) State the differences between the skiagraphs of a nor- 
mal knee-joint and a tubercular knee-joint 

(34) Of what service are Roentgen rays in determining the 
treatment of osteomyelitis? 

(35) What is the characteristic skiagraphic feature of osse- 
ous cysts in contradistinction to osteosarcoma? 

(36) State the best position to skiagraph (a) the metatarsal 
bones; (6) the tarsal bones. 

(37) Why'should two different skiagraphs in two different 
positions be always taken in every case of suspected fracture? 

(3S) What is necessary to always bear in mind in interpret- 
ing the skiagraphs of children? 

(39) How is a good skiagraph of a shoulder-joint best 
obtained? 

(40) What is the significance of a good skiagraph of a frac- 
ture in estimating the degree of functional disability? 

(41 ) What complications of Colles' fracture have the Roentr 
gen rays shown to be of quite frequent occurrence? 

(42) If there is no displacement of the fragments, what may 
be said of the fracture line if the skiagraph is taken immediately 
nfler the accident? 
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4 PRACTICAL APPLICATIONS § 15 

(43) What is the quality of the tube required to reproduce 
the presence of a fissure in bone? 

(44) What has skiagraphy proved to be the cause of bony 
ankylosis following Colles' fracture? 

(45) State the services rendered by Roentgen rays in dis- 
eases and injuries of the hand. 

(46) What may be said of skiagraphy in differentiating the 
various inflammatory processes from new growths of bones and 
joints ? 

(47) When utilizing the rays for therapeutic purposes, state 
(a) the quality of the tube; (6) the time of the first espoeure; 
(d) the frequency of the exiMJsures; (e) the means of protecting 
the healthy parts. 

(48) In what class of diseases i& Roentgen ray therapy now 
generally used? 

(49) What qualifications are necessary in order to correctly 
interpret skiagraphs? 

(50) What are the most frequent dental uses of Roentgen 
rays? 

(51) What are the advantages of the film in dental 
skiagraphy ? 

(52) At what distance from the film is the tube generally 
placed in dental work? 
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Physics of Light and Cautery 



EXAMINATION QUESTIONS 

(1) Into what forniB may the energy of an electric current 
be changed while passing through a circuit? 

(2) What difference is there between the molecules of 
different subetances with regard to the quantity of heat required 
to heat them to the same temperature? 

(3) What influence has the individual weight of a 
molecule on the number of molecules required to make up 
a certain mass? 

(4) If a certain mass contains a great number of molecules, 
how will this influence the amount of heat necessary to raise 
it to a given temperature? 

(5) How does the specific gravity of a substance affect the 
amount of heat that It will take up before it has attained a 
given temperature? 

(6) What is meant by the specific heat of a substance? 

(7) What is understood by a adorief 

(8) If it requires 60 calories to raise the temperature of a 
platinum wire 10° C, how many calories does it take to pro- 
duce an equal rise in the temperature of a piece of copper wire ' 
of the same weight 1 
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2 PHYSICS OF LIGHT AND CAUTERY §17 

(9) (a) If a current of 10 volte and 5 amperes passes 
through a conductor, how many calories per second are 
developed in it? (6) How many foot-pounds per second will 
these calories represent? 

(10) A current of 8 amperes passes through a resistance of 
2 ohms for 1 minute. How many calories have been developed ? 

(11) If a conductor first transmits a current of 4 amperes 
and later on a current of 8 amperes, how many more calories 
are developed in the latter case? 

(12) When the heat developed in one part of a conductor 
ie leaking along the conductor to other parts, by what means 
does this lose take place? 

( 13) If the small incandescent lamp of a cystoscope inserted 
in a cavity of the body heals the surrounding walls, by what 
means, in this instance, is the heat transmitted to said walls? 

(14) How does a resistance-coil of iron or copper heat the 
surrounding air? 

(15) When an electric current is passing continuouely 
through a conductor and constantly transforms part of its 
energy into heat, what limits, in general, the final temperature 
that the conductor is able to attain? 

(16) A copper conductor having an initial resistance of 120 
ohms has its temperature raised 80° C. What increase in 
resistance has taken place? 

(17) If it is desirable to use a conductor whose resistance 
is unaffected by changes in ite temperature, what material 
would be suitable for such conductor? 

(18) If a carbon rod has a resistance of 5,000 ohms, and 
ite conductivity is increased at the rate of .03 per cent. 
per degree centigrade, what will be the resistance when its 

temperature is raised 70° C? 
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^]7 PHYSICS OF LIGHT AND CAUTEKY 3 

(10) Some salt in added to a vesBel of water whereby iU 
resistance is reduced to 500 ohms. Supposing that U suffers 
a decrease in resistance of .6 per cent, per d^:ree centigrade 
increase in temperature, what will be its resistance when the 
temperature of the solution has risen 40° C? 

(20) If part of an electric circuit is heated, has this part 
any effect on the remaining part of the circuit, as regards 
current-strength and temperature? Give reasons. 

(21) Part of a heated conductor is suddenly dipped into 
cold water. What effect has this on the total resistance of the 
circuit? Does it affect the temperature of the parts not 
submerged ? 

(22) What important adjunct should there be in every 
cautery circuit to insure a constant temperature of the cautery? 

(23) If a great number of watts should be dissipated in the 
form of heat in an electric circuit of low resistance, what other 
factor must be increased to obtain a sufficient quantity of heat? 

(24) It the resistance of a cautery is very low, why is it 
that the resistance of other parts of the cautery circuit must be 
still lower? 

(25) Is there any objection to having a cautery circuit with 
a resistance just low enough to give sufficient current to the 
cautery and with only a small adjustalile resistance in the cir- 
cuit? Give r 



(26) What should be the properties of voltaic cells used 
for cauteries? 

(27) A cautery circuit, in which the joint resistance of the 
cautery and conductors is .04 ohm, is operated by three cells in 
parallel, each having a resistance of .03 ohm and an E. M. F. of 
.7 volt. What will 1)6 the current -strength in the circuit? 

(28) What would be the current-strength if the same cells 
were arranged in serietf? 
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4 PHYSICS OF LIGHT AND CAUTERY §17 

(29) What objection is there to using a direct current from 
a lighting circait for cautery purposes? 

(30) Mention a method by means of which a direct lighting 
current may be used economically for cauteries. 

(31) Why is the cautery transformer, illustrated in Pig, 5, 
not as efficient as some other forms where the coils are 
imbedded in laminated iron? 

(32) What precaution should be taken when using a 
cautery-snare to prevent the overheating of the platinum wire? 

(33) A certain incandescent lamp requires 4 watts per 
candlepower. It the total candlepowei is 8 and the voltage 10, 
what current-strength is required to operate the lamp? 
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